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PRESIDENT'S PREFACE 



In keeping with the 1975 AEDS convention iheme, "DISCOVERY: New Worlds of 
Educalional Data Syslem:>/' I hope that the 13lh Annual AEDS Convention, especially these 
convention proceedings, will afford you the opportunity to make many discoveries of your 
own. 

As you know, AEDS was founded to provide a forum for the exchange of ideas and 
information about the relationship of modern technology to modern education. Our annual 
conventions, consisting of informational and discussion sessions and vendor exhibits, bring to- 
gether key people from education and computer technology. AEDS is proud to serve the 
educational and technical communities in this capacity and will continue its efforts to increase 
the knowledge and expertise of its members and friends. 

This pubiitation is the result of many hours of hard work and should be an excellent 
supplement to the information received ftom attendance at the respective sessions. The papers 
contained within the 1975 Proceedings have been compiled from many that were submitted 
to our I97S Program Committee. Each has been reviewed and refereed by a panel of persons 
knowledgeable in the field of educational data systems, and was deemed acceptable for pres- 
entation at this year's convention. AEDS is deeply grateful to each contributor for his or her 
participation on the 1975 program. It is the Association's desire that this collection of original 
papers will serve to promote and advance the understanding of educational data processing 
within the educational community and that this publication will be of assistance to you as 
a valuable reference guide for years to come. 



jAMES AUGUSTINE, JR. 

President 
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EDITOR'S PREFACE 



This is the first AEDS convention for which we have had a truly extensive effort in 
soliciting papers from a broad spectrum of the educational data systems community. You have 
in these proceedings the selected, excellent responses to our solicitation. We all owe many thanks 
to the authors who prepared these papers for consideration. On AEDS' behalf I should like to 
extend particular thanks to the reviewers/referees of these papers: G. Ernest Anderson, University 
of Massachusetts; Paul A. Bartolomeo, Rhode Island Junior College; Richard A. Bassler, American 
University; Jacqueline M. Cline, Georgia State University; George W. Gorsline, Virginia Polytechnic 
Institute and State University; Donald D. Horner, Fairfax County (Virginia) Schools; Barbara L. 
Kurshan, Salem (Virginia) Community School; James Mitchell, Iowa Department of Public 
Education; John E. Odom, Mankato State College; Charles K. Rice, Value Engineering; Simeon P. 
Taylor, NEA; and Carlton Hayes Willis, North Carolina Board of Education. 

AEDS is also greatly indebted to Steven M. Raucher, through whom we received the IBM 
grant which made these proceedings possible, and to Michael J. Mealy, who provided invaluable 
technical advice for the actual printing and publication of the proceedings. I should like to extend 
my personal appreciation to Gail J. Connelly and Mary A. Morton for their secretarial assistance 
and especially to Norinne H. Fitzgibbon, AEDS Publication Chairperson, and Charles D.Miller, 
1975 Convention Coordinator, for their invaluable support. 



DUFF GREEN, III 

Proceedings Editor and 
Convention Program Chairperson 
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COMPUTER APPLICATIONS IN SECONDARY EDUCATION 



Arthur L. Korotkin, Ph.D. William J. Bukoski, Ph.D. 

Director, Cornmuni cat ions Research Research Scientist 

Project Director 

American Institutes for Research 

3301 New Mexico Avenue, N.W. 
Washington, D.C., U.S.A. 20016 



1. INTRODUCTION 

In 1970 the American Institutes for Research, 
under the sponsorship of the National Science 
Foundation, completed the first comprehensive 
survey of computer use in the public secondary 
schools of the United States (Darby, 1970). 
Until the publication of this study in 1970 only 
sketchy data were available regarding the extent 
and type of use of computers in secondary schools 
(Goodlad, 1966 and Bangs, 1970). The. data 
from the American Institutes for Research study 
was published in report and book form. 

Since the publication of these earlier data, a 
virtual void has aga"«n developed with regard to 
current information concerning computer appli- 
cation in secondary schools. Responding tcr this 
need once again, the National Science Foundation 
has awarded a grant to the American Institutes 
for Research to conduct a follow-up study of 
computer activities in secondary schools to be 
conducted during 1974-1975 with a June 1975 
completion date. The major thrust will once 
again be to: 

(1) Assess the extent and nature of current 
computer use in secondary schools with 
particular emphasis on instructional 
appl ications. 

(2) Examine and report on selected computer 
applications which appear to be particu- 
larly noteworthy as current examples of 
the state-of-the-art. 

In addition to replicating and updating the 
previous information, the current study will 
also undertake to: 

(1) Establish some basis for assessing recent 
trends in computer use (comparing current 
data with the previous study). 

(2) Derive some projections regarding future 
growth on the basis of the two studies. 

(3) Perform some indepth follow-up in those 
schools where interviews were conducted 
in the previous study in order to obtain 
some longitudinal case studies regarding 
the implementation and institutionaliza- 
tion of coniputer applications. Such data 
will be particularly useful in identifying 



what problems might be associated with 
implementing computer applications in 
secondary schools. 

(4) Assess the current status and future of 
computer-based education in the secondary 
schools as viewed by domestic computer 
(main frame) manufacturers. 



2. PROCEDURE 

The data will be collected in a five-step process 
involving primarily mail surveys and telephone 
interviews. 

(1) A questionnaire was mailed to a 25^ random 
sample of the secondary schools in the 
United States. A secondary school was de- 
fined as any school having any of the grades 

9 through 12. Questionnaires were sent to 
approximately 6,000 schools. 

(2) A questionnaire was mailed to every American 
computer manufacturer. A total of approxi- 
mately 80 surveys were distributed. 

(3) Telephone surveys will be conducted with 

25 schools to amplify data collected in the 
mail questionnaire and to obtain detailed 
information from schools having exemplary 
programs of particular interest or impact. 

(4) Telephone interviews will be conducted with 

10 selected schools visited in the 1969-1970 
survey. Data will be obtaijied of a longitudinal 
nature to assess changes which occurred to 
that program since the 1969-1970 survey. 

(5) Non -respondent interviews will be conducted 
by telephone with 100 schools which did not 
respond to the school survey. The inter- 
views will be conducted to determine if the 
non-respondent sample was in fact similar 
to the respondent sample or if some bias 
may have been operating. 



3. RESULTS 

Though data collection from all sources--school 
questionnaire, computer manufacturer's survey, 
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studC^ I longitudinal 
HnH^nl ^"'''^ently underway, only preliminary 
findings concerning the school survey can be re- 
ported at this time. With an approximate return 
of 43 percent of the school questionnaires, 52 7 
percent of the schools responding were usina a 
computer to assist either in the administration 

^trnrt,-" ? """^ ^'"^^^^ '"PP^^t Of the in- 

structional program, while 47.3 percent of ,he 
schools responding were non-users. Adminis a- 
tive uses of the computer included resource 
nianagement planning, payroll, personnel 

carSs ^rhlH^^f^S'"'^!!"^''"^ (attendance, report 
cards, schedules), and research/evaluation of 
teaching methods and curriculum. Instructional 
applications of the computer included computer 
assisted instruction, using the computer as a 
computational (Math, Science), teaching com- 
Kif^-^"""^ computer literacy, gaming and 
stimulation, computer managed instruction, and 
using the computer in academic and vocational 
counsel ing. 

In comparing the preliminary data from- the cur- 
rent study with the results of the 1970 school 
survey (Figure 1) we find that the use of 
computers at the secondary school level has in- 
creased substantially. In 1970, 34.4 percent 
of the schools surveyed were using the computer 
for administrative and/or instructional uses 
while in 1974, 52.7 percent of the secondary 
schools participating in the project have some 
computer application. Of interest is that the 
growth of computer use at the secondary school 
level has resulted because of an 8 percent 
increase in schools using the computer only for 
administrative purposes, and a 9.7 percent 
increase in the number of schools using the 
computer for both administrative and instruc- 
tional uses. Schools using the computer 
strictly for instructional purposes increased 
Dy 0.6 percent. Since school computer use Is 
primarily locally funded, it appears that the 
growth of computers in secondary education 
is highly related to the demonstrated benefits 
that the investment will bring to the school 
or school system. 

When compiled the study will provide data which 
wi 1 1 : 



Figure 1: 
Secon'dary School Survey: 
Preliminary Findings and Comparisons 



1970 



Secondary Schools 
Using Computers 

Administrative 
Only 

Instructional 
Only 

Both Admini- 
strative and 
Instructional 

Non Users 



34.4% 



1975 



52.7% 



21.5% 
3.9% 

9.0% 



29.5% 
4.5% 

18.7% 



65.6% 
100.0% 



47.3% 
100.0% 
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(1) Oescribe the extent, nature, and purpose 
of computers in secondary schools; as 
well as the sources of support, extent 
of previous use, and plans for future 
use of computers. 

(2) Compare the 1970 and 1974 surveys regard- 
ing extent and type of use. 

(3) Oescribe problems encountered in the 
implementation and institutionalization 
of educational computer innovations. 

(4) Project estimates of future computer use 
and trends as reflected in the data to 
date. 
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EQUALIZING INSTRUCTIONAL WPUTING 
ON A STATEWIDE BASIS 

nr. Kenneth E. Brumbaugh 
State Instructional Coordinator 
Minnesota Educational Computing Consortium 



Many challenging, innovative, and worthwhile 
ways of using the computer as an instructional 
tool have been developed in recent years. However, 
only those who are fortunate enough to live in the 
right location or who are associated with the 
correct institution have the opportunity to access 
computer systems for instructional purposes. Local 
and regional computer networks are being created in 
many states and have begun to serve users from 
broader geographical locations. The State of 
Minnesota has established an organization, the 
Minnesota Educational Computing Consortium (MECC), 
whose function includes ^qualiziiig instructional 
computing capabilities fir all levels of education 
in the State. An overview of what MECC is and what 
MECC has been doing will be presented in this paper 

Minnesota, the twelTth largest state in 
geographical size, is an oducational leader in many 
areas including educational usage of computers. 
Such leadership can be documented by the fact that 
Minnesotans spend $804/pioil unit/year ofi schools 
that have an average pupil /faculty ratio of 17.8, 
and that on any given da/ have 95 percent of all 
students present.^ Support for an instructional 
computing network comes 'ron the entire educational 
spectrum, from classroom teachers to the State 
Commissioner of Education Mr. Howard Casmey.. 
Mr. Casmey was one of th » keynote speakers at the 
1974 NAUCAL convention v;here he presented the 
Minnesota plan as a mode' for the delivery of 
instructional computing ".ervices. The history and 
development of MECC will not be detailed here, 
except to note that MECC is an organization created 
by ''ive State agencies af cording to the rules of 
the Minnesota Joint Powers Act M.S. 471.59. The 
five Minnesota agencies are: the Departnent of 
Administration, the Oeoartnent of Education, the 
University of Minnesota, the State Colleges, and 
the Community CoUeae System. 



Princioles of Org?r-2^tion and Ooeration 



There are a nunbor . basic principles of 
organization and opera ti'^n which, in essence, 
represent a "constitutioral basis" for the joint 
powers agreement. Among the principles are the 
following: 

1) The funding 0' s'^rvices provided by MECC 
shall be through the member systems 



which use the services. 

2) The funding of conmuri cations facilities 
shall be ;,hrough a direct state appropri- 
ation of funds for that purpose. 

3) The policy direction and governance of the 
consortium will be urder the control of 
the users. 

4) The needs for sorvice^ will be defined ly 
the us'*rs thrr.'joh the member systems. 

f.) Accountabilif to state government and to 
the oublic '.vill be maintained through bi- 
ennial reports to the Government and 
Legislature through the HECC, the State 
Board of Education, and Stote Information 
Systems Advisory Committee and ty nieans 
of tho three directors apoointed by the 
Government and Legislature. 

6) The consortium must be organized and func- 
tion so as to maintain and increase the 
overall computinn corpetence of the 
educational institutions and svstems. 

7) The specific instructional, research, and 
administrative needs will be defined by 
the systems and must be acconrodated by 
the consortium. 

8) The administrative overhead assocatpd with 
the consortium should be as limited as 
po<^siMt>. consistent with needs for effec- 
tive planning ami careful management of 
linited resources. 

9) In general, t^e service responsibH mes to 
be exercised bv MECC will bo limited to 
general -purpose conniiting. 

1'^) J:o educationa' use*' of coinOuter services 
ami/or facilities s^all receive, as a 
result of joining the proposed consortium, 
less service or lees adeguate service than 
needed and previously available through 
institutional and Systen resources. 
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Responsibilities Delegated to MECC 



Instructional Timesharing in Minnesota 



The iti?inber systems of the joint powers 
'agreement collectively have delegated certain 
powers and responsibilities to MECC which enable 
MECC to better respond to Minnesota compating 
needs as defined by the individual educational 
systems. A partial list of responsibilities 
is given: 

1) Review, coordinate and consolidate 
proposed biennial computing budg^t^ 
of the individual member systems. 

2) Provide computing services related 
to the development of educational 
computing for the member systetiis 
including: the review and approval 
of the acquisition of general purpose 
computing equipment and systems; 
establis^iment cf technical standards, 
including communications; engineering 
and maintenance of computer facilities; 
training and consultation services; 
software development and maintenance, 

3) Provide fiscal management of computers 
on behalf of individual systems of 
education. 



The MECC instructional timesharing systems 
serve school districts representing 84 percent of 
the total school enrollment in the State during 
1974-75. Enrollment in distr^cts located outside 
of the Minneapolis - St. Paul metropolitan area 
made up only 14 percent of all stu-ients having 
access to instructional timesharing in 1973-74 
(prior to the creation of MECC), compared to 46 
percent in 1974-75 (the first yea^ of MECC). As 
shown in Table l.» the instructional use of compu- 
ters in Minnesota has switched very dramatically 
from a predominately metropolitan area base to an 
evenly distributed statewide base. Table 1. ex- 
hibits the numbers of students enrolled in school 
districts having access to instructional timeshar- 
ing systems in the 1974-75 school year, as 
contrasted to 1973-74. 



Tabic 1. 
ACC1S5 10 

INUfiyCTlONAl CCr>"VtlH i»5«f IN viVifSOTA 



4) Own, lease and operate computer systems. 
In general, the responsibility by MECC 
to operate computer systems will apply 
to all new systems; that is, to those 
which are acquired after MECC is 
established. For existing computer 
systems, including the ownership or lease- 
ing of the equipment thereof; the member 
could also continue to operate the 
computer system, under a contract with 
MECC. 

5) Develop long-range plans for computer 
system hardware, software and services, 
and for the continued monitoring, 
modification, and updating of those plans 
in accordance with changes in technology 
and in the needs of momber systems. 
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MECC ORGANIZATIONAL STRUCTURE 



In Uh90\ dittrictt Mvin^ 4CCm to lAttrwttfonil tir<th«rifV4 



MECC has been organized into a structure that 
has staffed three major divisions, they are: 
Instructional Sei*vlce5, ManagoTient Infomidtion 
Services, and Special Projects. The Instructional 
Services Division has the responsibility of 
providing and coordinating instructional computing 
capability within the member agencies of MECC. 
The Management Information Services and Special 
Projects activities will not be presented in this 
paper, however, additional information can be 
obtained by contacting the MECC office, 1925 Sather 
Street, St. Paul, Minnesota 55113. 



Timesharing Services Provided by MECC 



The instructional timesharing services offer- 
ed by MECC can be grouped into the following four 
areas: 1) people; 2) hardware; 3) software 
supports; 4) communications. 

People : The most important service that HECC can 
offer to timesharing users throughout the State is 
personal response to problems generated by users. 
The people component of MECC's Instructional 
Services Division can best be considered as: 1) 
regional coordinators, 2) support services person- 
nel, 3) operations staff. 
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In order to facilitate the implementation 
of computer technology in the classroom, MECC has 
assigned seven regional coordinators to field 
offices located throughout the State. The seven 
MECC regions are illustrated on Figure 1. 




Figure I. MECC REGIONS 



In addition to computer hardware, schools need 
terminal hardware. MECC, using a statewide purchas- 
ing agreement, is assisting schools with the purchase 
and maintenance of this equipment. O^'er two hundred 
teletypes have been purchased through MECC by educa- 
tional institutions in the State this year. Approx- 
imately $200 per teletype can be saved by Minnesota 
educat; nal institutions if they purchase their 
equipment through the statewide contract established 
by MECC. 
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The responsibilities of the regional coordinators 
vary daily from assisting new users signing on the 
system for the first time to conducting exten- 
sive workshops in the development of curriculum 
materials that use the computer as an integral 
part of the instructional approach. The second 
major category for which users can obtain 
service from MECC is in the area of software and 
educational support materials. Responsibilities 
for the personnel working in Support Services 
include management of system libraries and the 
writing and distribution of newsletters and 
instructional materials designed to support 
instructional computer usage. During 1974-75 
MECC is using various computer systems to form 
the delivery system for timesharing service and 
IS currently purchasing a Univac 1110 system for 
use in 1975-76. Thus, the operation staff this 
year is comprised of personnel from the various 
computer centers, but in early 1975, MECC will 
be employing its own operations staff. 

Hardware : During the 1^74-75 school year MECC 
member school districts are accessing one or more 
of the following computer systems for instruc- 
tional timesharing: a Control Data Corpora- 
tion 6400, Hewlett-Packard 2000 Series computers, 
a Digital Equipment Corporation PDP-8, or a UfllVAC 
1106. Over 800 terminals are located throughout 
the State and access one of 460 available ports on 
the computer systems. Table 2 lists the number of 
ports that are available on the MECC supported 
systems and where these computers are housed. 



• , O^Mted by tUnUto St*te for the SoutKern Kirreiot* Schoo) 
Cocp-jtfr Project schools 

Fonstrly called KRITSS 

Operated 6/ TifS for TICS rtvl^-r schools only 



Software : It is a goal of the Instructional 
Services Division of MECC to support users by making 
available to them an extensive library of materials. 
These materials, most of which are commercially 
prepared, are available either on loan or at cost. 
The type of materials kept in stock ranges from 
programming manuals to instructional oackets that 
assist teachers in using specific computer programs 
common to the MECC supported computer systems in 
the State of Minnesota. 

MECC personnel are constantly updating the support 
software by ordering new materials requested by 
users, and by seeking and converting programs used 
by other instructional computer systems throughout 
the nation. MECC users are ke!?t in touch with all 
the developments of MECC via monthly newsletters 
distributed throughout the State. 

Communications : Establishing a cost effective 
communications network to the various computer sys- 
tems is an extremely important factor in makinq the 
MECC statewide computer network function, particu- 
larly for outstate users. Forty-five participating 
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school districts are within the free-dialing area 
of the computer system they access. This leaves 
198 school districts for which MECC had to es- 
tablish communication capability. This was 
accomplished by one of three methods: the 
installation of foreign exchange telephone linec, 
the purchase of In-WATS telephone numbers, or by 
the purchasing of Multiplexors. Forty additional 
school districts are within the free-calling area 
of the thirteen multiplexors placed throughout 
the State. Foreign exchange telephone lines were 
installed between many communities and this 
enabled another 114 school districts to make free 
telephone calls to the multiplexors. Finally, 
forty-four school districts were given telephone 
In-WATS capability and this brings the number of 
total school districts being served by MECC in 
1974-75 to 243. 



Cost of Instructional Timesharing 



All Minnesota school districts desiring 
access to a MECC instructional timesharing computer 
during the 1974-75 school year were accommodated. 
The cost for this service depends mainly on two 
factors: the total enrollment in the school 
district and the number of connect hours to the 
computer. The following six steps outline how the 
cost to the particular district is calculated: 

1) Participating schools have been given 
a S.60 per student credit to be used 
for instructional computing time. 

2) Computer costs are figured to be 
approximately $2.00 per connect hour. 
The subsidy in No. 1 can be used to 
pay 3/4 ($1.50) of the cost. The 
district must pay for the remaining 
$.50. So, the total subsidy divided 
by $1.50 yields the number of subsi- 
dized connect hours for the school 
districts. 

3) The number of HOURS OF SIBSIDY mul- 
tiplied by $.50 is the school 
district's minimum cost for computer 
time. 

4) As per the requirement of the legislation 
that established MECC, a 10 percent 
surcharge is added to No. 3 above to 
give the TOTAL MINIMUM CHARGE. 

5) For each hour over the SUBSIDIZED 
HOURS the cost to districts is $.75 
plus the 10* surcharge. 

6) After a district uses and pays $.75/hr. 
for a number of hours equal to the 
number of subsidized hours (see No. 2 
above) no additional charge is made and 
unlimited use is available. 



Summary 



MECC has been created to serve the general 
needs for instructional timesharing and administra- 
tive service in addition to statewide needs for: 
1) computing power, 2) prevention of computer 
proliferation, 3) cooperation between various levels 
of education, and 4) equalization of opportunity. 
An attempt to meet these needs has been undertaken 
by MECC and an innovative, exciting, and^active 
project is underway in Minnesota. 
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THE COMPUTER INDUSTRY'S 
SOCIAL RESPONSIBILITY TO EDUCATION 

Richard A. Bassler, PhD, CDP, CDE 

THE AMERICAN UNIVERSITY 
Washington, D.C. 



In the quarter century since the advent 
of the commercially practical computer, the 
whirlwind pace of technological development 
and expansion has been increasing. Except 
for IBM, most companies involved in manu- 
facturing and marketing computers and re- 
lated products and services have been con- 
centrating on survival. In fact, several 
years ago, RCA and GE, two giants in the 
industrial world, found the going too rough 
in the computer field and abandoned their 
position in general purpose computer pro- 
duction. Many of the others, especially 
the smaller companies without strong finan- 
cial positions, have been concerned with 
simply staying in business and very few of 
them even thought about social responsibil- 
ity. 

In the winter of I973-I974, the author 
surveyed a number of top executives in the 
computer field, and asked searching ques- 
tions. Of 104 companies queried, 54 re- 
sponded. Based on the annual sales of the 
respondents and those of the total indus- 
try, the response represented 92.4 percent 
of the industry, with only 7.6 percent not 
responding. This paper concerns itself 
with the responses to one of these questions. 
It hopefully illuminates some of the little 
known areas with regard to the emerging com- 
puter industry's concerns. It examines and 
evaluates the top executives* thinking and 
actions about their social responsibilities, 
especially towards education. The question 
upon which this paper is based is: 

Do you think that corporations within the 
United States computer industry, as signif- 
icant users of the products, the graduates, 
of our universities and colleges, should 
have a social responsibility in absorbing 
some part of the cost of producing this 
output? If so, why? If not, why not? 

This question brought a good response. 
A few of the respondents avoided the ques- 
tion for various reasons, but the majority 
demonstrated .an admirable approach to the 
subject. 

Proponents of Direct Contributions 

Some of the affiinnative responses are 
partially quoted below. A smaller company 
had this to say: 



. . . American business does have some 
amount of social responsibility, and this 
responsibility Increases exponentially with 
size of revenue and profit. The larger a 
company becomes, the more responsibilty it 
has to the coonnunlty and general economy. 
Basic business decisions by large corpora- 
tions cannot be made without a least con- 
sidering* the overall public good although 
not to the extent that it might endanger 
sound business principles and profitability. 

In an internal corporate publication, 
one of the larger companies on the fringes 
of the computer industry describes its ra- 
tionale on the company's educational aid 
program. The document, in part, says: 

More than ever before, the nation's public 
and private colleges and universities must 
look to private sources for a substantial 
portion of the funds they need to maintain 
instructional programs and their physical 
plants. 

In that light .... Its educational aid 
program .... in the mld-1970*s, exceeded 
$3 million a year and benefitted hundreds 
of institutions of higher education. 

It is a story of a company that recognizes 
its need and that of society for the tal- 
ents and skills of the graduates of these 
institutions .... 

Another company, which does not operate 
exclusively within the bounds of the com- 
puter industry, has a strong feeling about 
obligations to higher education. 

Although your interest is specifically with- 
in the computer industry and we operate in 
several other industries, I feel that it is 
important to state that all of industry has 
a responsibility to support the cost of 
higher education. Business and higher edu- 
cation are interdependent. Business is an 
important source of support for our univer- 
sities and, conversely, business relies on 
the universities for trained leadership and 
growth of knowledge on whi'ih technology and 
innovation depend* 

^ The italicizing of quoted material 
from survey responses was added by the 
author . 
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Another company, operating almost exclu- 
sively within the computer industry, feels 
that its support should not be restricted to 
the computer industry. This company's pres- 
ident also feels that corporations ar^' sup- 
porting higher education through the taxes 
they pay to the federal and local govern- 
ments . 

A number of larger companies have been 
giving to education for many years. Some 
have established patterns of giving, as well 
as vehicles, for the distribution, thus: 

• • • ic has a social responslblllcy to 
support higher education. In 1964 the 
. . . Foundation was chartered to focus 
such support on four-year colleges and 
universities, with emphasis on engin^jer- 
ing and related scientific education. 

Support exclusively to the computer el- 
ement of education is not envisioned by one 
corporate president who wrote, "Yes. This is 
a noi'T'al Jot*pot*are re.ipomibility in all areas , not 
Jusc ^o^nvucci'j Another corporate officer 
felt that the support of higher education 
was part of the community responsibility 
and should apply to all acadenic areas and 
not be limited to computer-oriented 
disciplines . 

This broader based support concept is 
further supported by a vice president of one 
of the larger companies: 

All major U.S. corporations, regardless of 
whether they are part of the computer in- 
formation systems Industry, provide finan- 
cial support to higher education, in the 
form of contributions to operating budgets, 
building programs, and scholarships and fel- 
lowship programs. These contributions ve~ 
yi-^ct ch7 jo\ njcion of oorporationa 

they h2Ve jl ^..^roriribility to support 
hi^jhei* education bcjzur-^' its vital tn- 
p^rtmoe to the 'Jcll-helnj this <JOuntr j 
jinu rx>t sinil'j b-:c2A^Kr jollegec xtid ukIvci*- 
,7 i ties are 2 sonroe yf personnel for such 
^'omvanies. It goes without saying that 
. . Corporation is fully committed to 
this philosophy. 

One response in particular recognizes 
the significant user element as a reason for 
helping to pay for the end product. This 
manager of educational relations said: 

Yes, the company does perceive a responsi- 
bility (beyond that portion of its taxes 
which go to public institutions in the 
states in which we operate). We recognize 
the cost pressures on higher education, 
and as a significant "user" of their prod- 
uct expect to help alleviate a small por- 
tion of those pressures. 

A much smaller company, less than a dec- 
ade old, with annual revenues less than $20 
million, has some strong regional loyalties 
as well as recognition of only a small sec- 
tor of the educational community. The pres- 
ident of the company said: 

Yes, but here in ... we definitely re^ 
strict our corporate thinking and action 

to the privately supported universities, 



and essentially only at the gvaduatc 
level* Wliy? Because the private insti- 
tution can generally cover about half its 
cost through tuition and fees; the other 
half must come from outside sources, par- 
ticularly those sources which use the "prod- 
uct" of that institution. 

As for assuming responsibility for 
identifying with the computer segment of 
the educational process , one respondent 
took this view: 

We think corporations, including our own* 
have a social responsibility for support to 
education but not neaessainly on a quid pi*o 
quo basis. 

Related to the quid pro quo position tak- 
en above, one director of civic affairs had 
this to say: 

We initiate training programs for specific 
skills in uhieh toe cxp^ict to ejr.ploy the 
people involved, ^ The question of our assum- 
ing this sane relationship where we have no 
direct input into the initiation of the 
courses involved is another matter. It is 
not cu^tomery to assume responsibilities in 
matters over which you have no control or 
basic involvement. We are, of course, a major 
taxpayer, currently assisting in the support 
of state institutions. 

Most of the answers in the responses 
above were from proponents of direct contri- 
butions and were from companies which were 
established in other fields before the ad- 
vent of the computer, or which derive a sig- 
nificant portion of their profitability from 
non-computer-related fields. 

Preclus ions to Direct Contributions 

As might have been expected, a number 
of responses indicated that the companies 
had not been able to consider the questions 
of social responsibility because their at- 
tention is focused on the problems of fin- 
ancial survival. The newness of the com- 
puter industry and its volatile and dynamic 
marketplace, coupled with the minimal fin- 
ancing of many of the newcomers to the in- 
dustry, have created the financial problems. 

Comments reflecting the relationships 
of profitability to philanthropic ability 
are included here. One company, with an 
eight-figure loss accumulated in recent 
years, explained its position: 

Actually, . . . has never been in a profit 
position where it could consider more than 
nominal support of educational — or for 
that matter any discretionary — causes. 
The company had amassed a retained deficit 
of ... at the conclusion of fiscal 1972, 
and thus our primary aonaern has been mere 
irvival* 

Fiscal responsibility to creditors, to 
say nothing about shareholders, is the theme 
of the next observation by a vice president 
of another company with a past record of fi- 
nancial difficulties. 

Although many of us personally feel that 
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sujd suppoi'C 'jould be beneficial, . . 
is in no financial position co ever con- 
sider Che subject. Nothing would please 
our management and Board of Directors more 
than to have rhe l.a:ni*y of Ji.-,tvir:iCi*uj ouv 
excess r.»v/:t.; u Doi*t\^ erJ.>avors, How- 
ever, we have just rebounded from two very 
bad years of operations, and our areditot^s 
mu not cQyisi^wi* such donatioKs to be good 
business Judgment. 

Another new company, but without the 
serious financial problems of the two just 
mentioned, is concerned with nhe problems 
of keeping the company going on an orderly 
basis. This company's president observed 
that: "Considering the fact that we are a 
new company, it would not be feasibile that 
we donate to any educational institution 
monies that we need and presently need in 
our cash flow." 

There is a desire to support higher 
education, but the means to do so are not 
presently available, according to two other 
responses. In one of the letters, the 
corporate personnel manager says: 

To date . . . growth had required a *hand 
to mouth* cash flow- Therefore, since our 
inception approximately five years ago, we 
have found ourselves unable to utilize funds 
for philanthropic purposes of any sort. As 
we come into our own, I fully expect to es- 
tablish a pattern of donations to such 
causes and institutions as consistent with 
our management's philosophy. The develop- 
ment of this plan has not yet begun. 

The other letter states: 

We do not believe that we at . . . have a 
social responsibility in absorbing the cost 
of training computer professionals at this 
tine, I say this because at this time we 
do not have the financial means to support 
such programs. I believe this condition is 
true of most all the firms presently in the 
computer industry other than the larger com- 
panies (IBM, Honeywell, Control Data, Univac, 
Digital Equipment) in the industry. . . . 
smaller companies, such as . . , are always 
in need of financing and, thus, not able to 
support worthwhile individuals in the social 
area . 

The transfer of responsibility to the 
larger and presumably more profitable com- 
panies is the tone of another letter. The 
vice president does not deny the desirabil- 
ity of involvement, but simply suggests 
that philanthropy be embraced by the larger 
companies only. He says that his company 
probably should be involved but, as a matter 
of fact, is not. 

Opponents to Direct Contributions 

A relatively small number of the re- 
spondents took the position that their 
companies and the other companies 
in the computer industry should not assume 
any responsibility for education. Their 
views were expressed unequivocally in con- 
cise terms. One response is especially 
emphatic : 



No! (The) Company should pay market value 
for work done. Graduates should pay for 
their * value enhancement* out of, say, 10% 
of their wages until cost of education 
(plus interest) is recovered, ... My own 
experience proves it. There are many du- 
ties of the corporation as a good citizen. 
But you must guard against corporate "so- 
cial resr'>nsibilities* corrupting the in- 
stitution in such a way as to weaken it in 
performing it*s [sic] far more noble and 
beautiful roles in creating customers, jobs, 
and profits. 

A similar view was taken in another 
response in which the company president 
said, "I pay as part of the salary I pay 
for college graduates." He also commented 
that "Contributions do not add to profit 
and therefore work against this plan." "No. 
. . . thinks students and states should. 
Corporations are already overburdened," 
said another respondent, a vice president 
of a company claimed by him to be too small 
tc be considered in this survey. 

Two other responses have generally the 
same tone. One says. "No! The responsibil- 
ity and mission of corporations is to pro- 
duce goods and services! Not Graduates." 

The second says. "No! As taxpayers we 
all (corporations and individuals) support 
education. I don*t think universities 
should train ^products' for industry and 
industry shouldn*t 'order* people produced. 

Not favoring direct support by the mem- 
bers of the industry, the next two respon- 
dents suggest support from government and 
from the entire United States population, 
respectively. Their comments are partially 
quoted as follows: 

... I do feel that higher education is 
best served by direct government support or 
self-funding. Corporations should fund higher 
education insofar as their best interests are 
affected. 

ic ic * 

I think that it is the responsibility of the 
entire United States population to support 
our colleges and universities and, indeed, 
all of the educational facilities within the 
country. I do not think that the computer 
industry should be singled out as a special 
(albeit significant) user of this resource. 
It is the entire country that benefits from 
education and the entire country should 
support it. 

Arguments that the stockholders would 
oppose an expenditure for higher education 
were limited. One letter states, **No, the 
stockholders would never agree that this is 
the proper conduit for getting appropriate 
monies from one place to another." Another 
viewpoint reveals the attitudes and inter- 
ests of the stockholders: 

Until two years ago, our company did not 
have a formal budget plan concerning corpo- 
rate gifts. It was Mr.. . . .*s philosophy 
at that time that public corporations should 
not be in the position of giving away what 
properly belonged to the shareholders. I 
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would also say that this philosophy was 
molded by the face that he pevsonallij gave, 
and continues to, a great deal of his re- 
sources through his own philanthropy . • • • 
a formal program has now been established 
with the primary giving going to organiza- 
tions in support of the greater . . . area. 

Summary and Analysis of Responses 

Over half of Che respondents are exer- 
cising their social responsibility as con- 
tributors to Higher education. While deny- 
ing social responsibility, another respon- 
dent gave this opinion: 

I don't think that the corporations in this 
case have a social responsibility, but I do 
believe that theij have a very valid quid 
prt quo iHte2*est in maintaining a strong 
aoademio discipline in oomputei* sciences. 
This would lead me to comment that for 
thjse corporations in the computer busi- 
Kecs, support of this academic area should 
have 2 high priot*ity on the list of aca~ 
denio aisaic lines to be supported through 
the corporate contributions effort. 

Only 16.77o of the respondents took the nega- 
tive position. Their reactions were stated 
emphatically. Some responses were so 
couched in double talk that it was exceed- 
ingly difficult to place them in a suitable 
x:ategory. The relationships of the re- 
sponses are shown in Table I. 

TABLE 1 



ANALYSIS OF RESPONSES 
TO SURVEY QUESTION ONE 



Number Percent 



Yes, do have responsibility and 


19 


35 


Yes, have some responsibility . . . 


9 


16 


Have n^t thought about it because 
of poor financial condition 


6 


11 




7 


12 


No, but have an interest in 


2 


3 


Too small to be concerned about 


2 


3 


Not answered in tabulatable form . . 


9 


16 




54 


100 



3.7 



Conclusions 

The computer-related industry is not 
very different from the rest of American 
industry and business with respect to phil- 
anthropy. Having long-established patterns 
of giving, the major companies generally 
provide assistance to education in the same 
proportion each year. In some cases, the 
pattern of giving is modified to conform 
with changing demands. Three of the lar- 
gest organizations are often responsive to 
federal spending and are more likely than 
not to change contribution's to higher edu- 
cation as required. The consensus seems 
to be that the total amount to be donated 
would remain essentially the same. Only 
the distribution of funds would reflect a 
modified pattern of giving. 

The overall picture of social respon- 
sibility to higher education within the 
computer industry is affected by companies 
operating on a marginal financial basis . 
Formany of them, the impact of federal aid 
to education and the rate of philanthropy 
is at the bottom of any list of priorities. 
For others, there is a lack of time and 
personnel for researching the desirability 
and practicality of possible philanthropic 
programs to aid higher education. 

Regardless of what the concept is 
called, the idea of providing financial 
assistance to institutions of higher edu- 
cation makes good sense. Henry Ford, 
quoted in a Fortune (May 1973) article 
makes a distinction between social re- 
sponsiveness and social responsibility. 
"I think that they are quite different,** 
he explains, "We need to be socially 
responsive without overdoing the social 
responsibility — in the sense that we've 
got to do something directly about the 
deficit in the school system, for example.*' 
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INTRODUCTION 



PLANIT IS a sophisticated, comprehensive, 
and transportable computer assisted instruction 
(CAI) author language that has been under devel- 
opment for over nine years. PLANIT has been 
installed at over 30 university, military, and 
industrial locations. The purpose of the sympos- 
ium IS to provide information and discusjsion 
concerning the features, implementation, and uses 
of this powerful language that has been described 
as one of the throe sciriinol CAI systems in exis- 
tence today. Yet, the most exciting feature of 
PLANIT IS that It can probaoly be installed on 
your computer with relative ease. 

The first presentation, by Charles Frye, 
describes the capabilities of PLANIT and its past, 
present, and future.. Cecil Johnson will discuss 
several implementations of PLANIT on military 
computers. Current uses of PLANIT and several 
examples of available courseware will be reported 
by Franz Frederick. David Yens will be concerned 
with research uses of PLANIT and the means of 
evaluating courseware. Supmaries of the presen- 
tations are given below. 



A REPORT ON PLANIT, VERSION 3 
Charles H. Frye 



The development of the machine transportable 
version of PLANIT (Programming Language for Inter- 
active Teaching) was begun in 1968 under contract 
to the National Science Foundation. PLANIT is an 
instructional system consisting of an author 
language and supporting computer programs for 
preparing, editing and presenting any sub3ect 
matter suitable for individualized presentation to 
students within the constraints of the communica- 
tion equipment that is currently available. It 
provides : 

1. A wide range of authoring conveniences 

for fast and efficient preparation of 
lesson material 

2. A comprehensive calculation utility 

allowing both the author and student 
to use a natural language to access 
the computer 

3. ' Necessary support features for time 

shared presentation of the lessons to 
students 

4. Automatic collection of data and main- 

tenance of progress records from 
session to session. 

Maximum portability has been a prime ob3ective to 
permit installation on a variety of different 
computers with relative ease. 

Work on PLANIT has proceeded at the Northwest 
Regional Education Laboratory since December, 
1972, to develop a version of PLANIT which could 
be regarded as a "production" version in that it 
IS free from known errors and includes all neces- 
sary support features for day-to-day computer 
center operation. The current version 3 of PLANIT 
has now been delivered which seems to meet these 
requirements. 

AS an operational system, PLANIT contains far 
more than 3ust a facility for authoring and dis- 
pensing CAI lesson scenarios. Tn fact, it is a 
complete time sharing system specifically designed 
for this particular application. It has run on 



* The PLANIT work is supported by NSF grant number 
EPP73-073i9 A04. 
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computers which support no other time sharing 
work. It has run along side of another time 
sharing system m the same computer. And it has 
run as a subordinate program to a time sharing 
system as well. The procedures used for install- 
ing PLANIT permit a high degree of flexibility. 
In addition to the expected conveniences for 
preparing instructional materials, PLANIT offers 
many other needed and/or desirable services, such 
as: 

File management and several levels of 
file protection 

Several options for enhancing continu- 
ity from session to session 
Complete bacKup facility using mag- 
netic tape 

Sophisticated error detection and auto- 
matic recovery with minimym loss of 
users ' work 

Prompting aid always available at the 
terminal at any reasonable requested 
level of detail 

Automatic file handling on both disk 
and tape for inexperienced users 
User accounting and billing 
Operator console interface allowing 
complete control of the system with 
minimal burden to the operator 
Completely flexible overlay configu- 
rations featuring "look-ahead," m'king 
the system adaptable to available core 
space while maintaining the fastest 
possible response time. 

The report examines the significance of three 
major aspects of the pLANIT project: to the user, 
to computing centers, and to programming technol- 
ogy The first, the significance to the user, is 
d':e *o at least four facts: 

1. The ru^ilT lar.guage is very easy to 

learn initially, requiring less than an 
hour's orientation, but incorporates a 
sufficiently large repertoire to allow 
the user to increase his sophistication 
gradually to very powerful capabilities. 

2. The expense associated with installing 

the system is low enough that it 
usually does not require a major commit- 
ment on the part of the computer center 
and can oft'^n be implemented at the 
request of a relatively small group of 
the faculty. 

3. A Users Group exists for PLANIT which 

sponsors a quarterly newsletter to more 
than 50 paid subscribers (at a subscrip- 
tion rate of only $6.00 per year), 
aside from many more on their mailing 
list. 

4. PLANIT is operating or being installed 

at more than 20 universities, several 
computer corporations, and several 
military installations, with the 
latter proposing to expand to several 
hundred systems. PLANIT lessons are 
completely compatible among installa- 
tions. 

Secondly, the significance of the project to 
computing centers is due mainly to: 
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1. The availability of time sharing instruc- 

tional software capable of sophisti- 
cated CAI applications at a trivial 
initial cost which can be installed by 
personnel who are normally available 
within the center. 

2. The adaptability of the system that will 

accomodate to any reasonable operating 
environment. 

3. A system which is designed to add only 

the minimum necessary burden to the 
workload of the computer operator, 
mainly the mounting of tapes when off 
line backups are desired. 

4. Complete automation of system features, 

where possible, of such things as user 
protection, error recovery, user ac- 
counting and billing, etc., but also 
allowing the operator to override these 
features manually when necessary. 

In the case of programming technology, the 
PLANIT project is significant in that it provides 
a model of the first fully-transportable time 
shared operating system. It is one answer to 
"everybody talking about transferability but 
nobody doing much about it." The PLANIT systems 
for all of the various installations (and most 
major venders* products are involved) are gener- 
ated from the same physical set of source code 
statements, virtually guaranteeing full compat- 
ibility. This truly permits an "unbundling" of 
software costs from the expensive hardware. 

Finally, the report will describe the expect- 
ed direction of future PLANIT efforts, with the 
intent to expand the system to accomodate multi- 
terminal communication for sophisticated simu- 
lations and game playing involving many players. 
These kinds of CAI applications are still in their 
infancy because of the scarcity of systems on 
which to experiment. Military projects have taken 
the lead in these areas with their man/machine 
command and control systems but it is expected 
that the technique can have a much broader appli- 
cation. 



Implementation of PLANIT at the 
U. S. Army Research Institute 
for the Behavioral Sciences 

Cecil D. Johnson 

This paper will describe the experience of 
the Army Research Institute for the Behavioral and 
Social Sciences (ARI) m installing, using, and 
evaluating PLANIT as a CAI language in an Army 
setting, plans and aspirations ARI has for uti- 
lizing PLANIT for both operational and research 
applications will be provided to explain why ARI 
has wanted to implement PLANIT. ARI interest in 
PLANIT has been threefold: (1) as a laboratory 



* The views expressed in this abstract are those 
of the author and do not necessarily reflect 
the views of the U.. S. Army or of the Depart- 
ment of Defense. 
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with a research mission m corrputer assisted 
instruction (CAI) with a goal of evaluating PLAMIT 
Itself; (2) to use TLAN'IT as a research tool 
across the full ranqe of the mission of API m the 
behavioral scuMice.s; i: i (3) to aid interested 
n^mtcrs of tho Army training establishment in 
Jrvcloj.ing experience and competence m CAI. 

It is hoped that the recounting of the 
troblems ARI had m achieving its pioneering 
implementations will not deter anyone with a need 
for PLANIT from attempting its installation. In 
nv opinion, a man knowledgeable of the system 
software of any computer system with a FORTRAN 
computer and a word lenith of at least 24 bits 
*;hould be able to install PLANiT m a week — if he 
nas the assistance of a programmer who has in- 
jtallcd PLANIT on any c:)mputer, same or different. 
Without such assistance the documentation for 
installation is sufficiently scanty as to require 
a longer effort. 

the Army developing agency for training 
and educational technol )gy research, ARI has 
participated m the dov^lopment and/or evalua'cion 
c.f several computer-basod instructional system^-. 
Thus, ARI can view PLAN IT from the perspective 
that comes from having considered a variety of 
solutions to many diverse training probJemo. 

ARI interest m PLANIT largely stems from: 
(1) the relative ease of installation on computers 
of widely different architecture, (i.e., its 
Lran.jportability advantage); (2) its easily 
l^arn^^d but powerful author language; (3) the 
♦conory with which courseware can be produced; and 
{A) the ease with which courseware that has been 
produced (i.e., authored) on one kind of computer 
can be executed by st'jd( nts or trainees (or 
trained staff members with respect to proficiency 
ramtenance) on a quite different kind of computer 
system. The clear cut luvantage of PLANIT over 
all other CAI author languages on these four 
dimensions made the possible superiority of other 
languages with respect t^ the cost of a student 
hour of instruction, special ten?inal features, 
and/or graphics seem relatively unimportant for 
many Army training applications. 

Initially, the Michigan State University 
vorsior of PLANIT (a version developed from the 
same starting point as was the Purdue/NSF PLANIT 
version) was installed on the ARI CDC 3300 com- 
puter. Many modifications were made, some because 
the ARX computer, unlike the MSU CDC 6500 system, 
hari a very small core memory (i.e., 32K 24 bit 
words), some because of the limited interactive 
features inherent m the* executive system m use, 
^nd many m an attempt to make PLANIT reflect the 
original documentation vvithout the constraints 
that the MSU time sharing system has imposed on 
some of them. 

The second installation was on a tactical 
^icld data system. This installation involved the 
coordination of courseware to be developed by the 
S stems Development Corporation with software 
Installations by ARI personnel. Several diffi- 
Tiltios were encountered that required field 
modifications, but PLANIT was installed and run- 
I nq by the target date. Because, of some differ- 
» ices from the NSF/Purdu-? version of PLANIT, this 
version was designated Version 1.1. 



ARI has research reports describincj the 
results of the initial experiment designed to see 
if effective CAI courseware could be installed on 
a fiel.- data system. It is sufficient for the 
purpose of this paper to say that the CAI trained 
groups were superior when the subject matter was 
tactics or weapons but results were ambiguous for 
the groups trained in high school level mathematics. 
Overall, it could be safely said that an effective 
CAI system had been installed in a short time 
frame on a tactical data system. The objective of 
the ARI project had been achieved with positive 
results 

♦ ARI also has a terminal equipped with a card 
readeir and printer and a number of CRT and tele- 
typewriter terminals connected by dedicated 
telephone lines to a Univac 1108 computer located 
at Edgewood, Maryland. The computer aided (i.e., 
interactive dialogue supported by a data base) 
career counseling project is the primary ARI 
application utilizing the 1108 computer during the 
early fall of 1973. PLANIT has been demonstrated 
at Fort Sill, Oklahoma; Fort Leavenworth, Kan*'as; 
Fort Monroe, Virginia; and from the West Coast 
using the Edgewood 1108 system. 

ARI has conducted studies on the ease with 
which PLANIT can be learned. CAI lessons on 
PLANIT were produced in the PLANIT 1.1 language 
for use on a PLANIT controlled system.. This 
product was tested with research psychologists md 
military personnel. It appears that research 
psychologist" can become productive, but limited 
authors, in about 10 hours of on-line in<5truction 
and can complete the additional courseware covering 
the more sophisticated, but less essential, course- 
ware in another 15 hours. 

The Army has a family of field data systems 
that have the same central processor, the Litton 
3050 (or ANGYK-12). The compilers m general 
differ for the different systems even though they 
use the same central procesfrr with differing 
amounts of core memory, types of secondary memory 
and configurations of peripherals. 

The deve3opment of embedded training packaoos 
(ETP's) for systems containing the L1050 would be 
greatly facilitate.' if PLANiT could be inrtall<-d 
on each tactical data system. A«^l has a pro-)Cct 
underway to install a full power PLANIT on one oi' 
these systems (i.e., TACFIRE) using an approach 
which will permit the same executive system and 
associated compiler to be used across all tactjcal 
field data systems containing the L3050 computer. 

In November, 1974 ARI assembled a team to 
install (in three days) PLANIT 2.5 on the CDC 6500 
at Fort Leavenworth. One of the team had previous- 
ly visited McMasters University to assist (for 
less than a week) in the installation of PLAUIT 
2.5 on the CDC 6400 at that location--as prepara- 
tion for the installation of PLANlT at Fort Leaven- 
worth. It is anticipated that the ARI field unit 
at Fort Leavenworth will make considerable research 
use of PLANIT and that both the Command and Staff 
College and the Combat Arms Concept Development 
Activity at Fort Leavenworth ill use Pl*Ar;iT 
respectively for teaching and for tho examination 
of interactive information systems requirements. 

The ARI experience with implementation of 
PLANIT has convinced many of us in ARI that PLANIT 
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is a highly superior, *-eadily learned and econom- 
ically used, authoring language, is highly trans- 
portable, and IS a very practical CAI language for 
use m accomplishing many Army applications. 



CURRENT USES Oi' PLAN IT, COURSEWARE 
AND COURSEWARE CONVERSIONS 

by Franz J. Frederick 



Because of a current lack of detailed infor- 
mation concerning instructional uses of PLANIT and 
PLANIT installations, the national PLANIT USER'S 
"group is preparing survey instruments to collect 
these data. 

The data to be collected for installations 
deals with mainframe descriptions, numbers of 
terminals m use, scheduler control, PLANIT 
version m use, I/O rates, types of terminals, 
parameterization values, and special modifications 
m use or anticipated. The data to be collected 
for courseware includes content descriptors, 
student level, object iver,, prerequisite knowledge, 
adjunct materials, lesson type Ccttegor ization, 
lesson description, use of specirlized language 
features such as WAIT, TIME, C:, computed GO TO, 
RECYCLE, TEXT, etc., the number of characters per 
line and lines per display (screen) allowed, and 
any restrictions on the availability of the 
lesson materials. 

The lesson type categories currently being 
considered are: (1) question/answer series with 
branching, (2) graphic or tabular constructions, 
(3) learning games, (4) simulation, (5) automated 
testing, (6) programs which learn (AI), (7) stu- 
dent controlled sequences, (8) author training 
materialSi (9) conversational simulations and (10) 
a catch-ail category called "others**. 

In spite of detailed information it is known 
that PLANIT has indeed been used successfully for 
production CAI both here and abroad with a broad 
range of subject matter. It is reasonable to say 
that the primary use of PLANIT at many installa- 
tions 1*5 that of experimentation, lesson develop- 
ment, and/or controlled research m learning. 

Because of the richness of the PLANIT author 
language and the PLANIT CALC language, some of 
the current uses of PLANIT include: (1) conven- 
tional CAI lesson presentation, (both linear and 
branching), (2) generative CAI lessons, (3) 
experimentation with CMI algorithms, (4) automated 
testing, (5) simulations, (6) learning games, (7) 
conversational simulations, (8) demonstrations of 
basic examples of artificial intelligence, (9) 
tabular graphics, (10) student-controlled se- 
quencing. 

Because of the gent^ral transportability of 
PLANIT, considerable interest has been generated 
m using PLANIT at sites where other CAI languages 
have previously been used. This was the case at 
Purdue and m fact materials had been designed or 
acquired for five different languages. These were 
Coursewriter I, Coursewriter III, PICLS, FOCAL, 
and BASIC. An anlysis of these languages and 
PLANIT revealed eleven levels of language conver- 
sion problems. These eleven levels reflected 
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difficulties of implementation ranging from the 
trivial to not possible through author code to 
systems level conversion effort. The eleven 
levels ranged from direct subsitution of one 
operator for another to directly accessing host 
computer system functions.. 

Overall estimations of time to convert a line 
of author code were developed for several levels 
of difficulty of conversion. 

The various lessons converted ranged from 30 
lines to about 1100 lines of author code. The 
resulting conversions required PLANIT lessons 
ranging from 5 to 35 frames in length. 

Estimations of proportions of level of 
conversion difficulty for a lesson by languages 
were developed. Several features which could not 
be converted were identified.. 

Ir. the case of PiCLS lesson conversions, a 
large number of lessons existed and an effort was 
made to design a SNOBOL translator for PICLS to 
PLANIT conversion. Generally the piCLS lessons 
posed conversion problems which were about 60 
percent trivial and 40 percent non-trivial. The 
translator conversions accomplished nearly 70 
percent of the necessary code conversion leaving 
only about 30 percent to be converted by hand. 

If numbers of lessons in the same language 
need to be converted the design and use of a 
SNOBOL translator can be a very useful conversion 
technique. The next several years should see many 
lessons converted to PLANIT thus promoting a broad 
scale sharing of usable CAI materials. 



PLANIT: RESEARCH USES AND COURSEWARE 
EVALUATION 

David P. Yens 

PLANIT IS a computer assisted instruction 
(CAI) system that brings powerful and exciting 
opportunities to both the r .rriculum developer 
and the researcher who do not have access to 
special computer systems. For Lhe instructional 
developer, the capabilities of PLANIT provide 
powerful tools for the preparation, evaluation, 
and modification of the instructional content of a 
program. 

The method of curriculum development that is 
recommended by many authorities for optimizing 
learning is the systems approach which involves 
the following steps: 

1) Analysis of the learning task 

2) Preparation of behavioral ob3ectives . 

3) Determination of content sequencing 

4) Construction of the program 

5) Testing of the program 

6) Analysis of the results 

7) Revisions if necessary; go back to step 4 

8) Implementation of the program 

Although prJVNIT will not help with step*? 1 and 2, 
th3 author assistance features and extoii:,ive stu- 
dent records system will greatly facilitate the 
remaining steps. The program Content can be 
changed in response to observed student perfor- 
mance characteristics, changes in the curriculum 
field, or a desire to modify the course. Detailed 
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evaluations of student performance at any point 
m the course are encouraged by the records-keep- 
ing and summarization capabilities of PLANIT. 
This same process permits authors to evaluate 
postcourse results m terms of specific perfor- 
mances by students on relevant sections of the 
computer-based material. 

For the researcher, PLANIT provides precise 
stimulus control and manipulation, complete 
response recording, timing of responses, and 
individualized modifications of stimulus pre- 
sentation sequences based upon individual 
responses.) It also permits the random assignment 
of students to different experimental conditions 
that are administered via PLANIT. 

The paper will describe several opportuni- 
ties, advantages, and examples of using PLANIT for 
research and for the evaluation of instructional 
developments. Below is a brief summary of several 
areas of concern. 

PLANIT IS designed to optimize computer-human 
interactions. This would encompass such areas as 
CAI, completion of employmnnt questionnaires, 
counselling interviews, vocational exploration and 
testing, and on-line training. For all these 
applications, it is important that the student or 
user interpret the author *s communications in some 
desired way. For instructional use, the author 
must insure that the student learns the desired 
information provided m each section of the 
program. Formative evaluation procedures involve 
the use of evaluation data to modify, revise, and 
improve an instructional program during develop- 
ment. With PLANIT, the author should have stu- 
dents or users try out each section of the program 
as it IS developed. Student fecords data for each 
student and summary data on all students for each 
frame and concept can be analyzed to determine the 
way users responded to each frame and/or asso- 
ciated sets of frames. On-the-spot modifications 
can be made to the program based on these data. 
This evaluation-revision loop may be repeated as 
many times as necessary to produce the desired 
learning. 

Once the course or program is complete, 
summative evaluation procedures are used to deter- 
mine the overall effectiveness. Both cognitive 
and affective domains may be of interest. In 
fact, several CAI programs administer a final 
examination and an attitude questionnaire at the 
end of a program so that all pertinent infor- 
mation will be m the records file for each stu- 
dent. Again, student records data can be used 
to determine students' paths through the ffogram 
to assess their performance on each frame or 
segment. The results of the final evaluation 
can be related to specific mtra-program perfor- 
mance characteristics and modifications may be 
made again if required. 

Several fundamental questions must be asked 
before any courseware development takes place 
using PLANIT. For example: 

1) Is the use of the computer for the spe- 
cific application a valid one? Does it 
provide instruction or perform some other 
function that cannot be duplicated by 
other methods with equal effectiveness at 
lower cost? 



2) Is the value or effectiveness of the 
program worth the developmental and 
operational costs? 

3) Is the response time of the computer 
terminal adequate to keep students inter- 
ested? What is the desirable response 
time for the content to be administered? 

Several aspects of these questions and their 
implications for the selection and use of PLANIT 
will be discussed. 

The research applications of PLANIT are 
almost limitless. Different instructional strate- 
gies can be incorporated into different versions 
of a program and their relative effectiveness 
compared. Many types of verbal learning studies* 
from paired-associate learning to complex sentence 
or paragraph learning, can be done with PLANIT. 
Special types of studies in which changes in 
stimulus materials are contingent upon student 
responses are particularly well suited to this 
medium. The measurement and control of response 
times by PLANIT makes possible many types of 
research concerned with response latency; however, 
this kind of research requires a computer which 
can accurately measure terminal response times. 

Research m which students are to be assigned 
to different groups based upon some measurable 
characteristic can be automated with PLANIT. The 
prgram could administer the measurement instrument, 
assign the student to the appropriate group, and 
present the appropriate treatment. 

PLANIT has a powerful calculation facility, 
making research on mathematical variables attmc- 
tive. For example, the difficulty of a mathematics 
task could be ad3usted to maintain the same appar- 
ent difficulty for each student without regard to 
mathematics ability or knowledge. Of course, an 
infinite number of different types of arithmetic 
problems could be randomly generated by PLANIT for 
both research and instruction purposes. PLANIT 
can bolve the problems and evaluate the students* 
answers. 

Brief examples of these ways in which the 
computer has been used for research will be re- 
viewed in the paper and the applicability of 
PLANIT for future research will be discussed. 

In summary, PLANIT has great potential for 
instruction, research, and other uses requiring 
interactive conimunication with people. Pretesting 
of materials and their easy modification based 
upon student records analysis by appropriate 
evaluation methods is one of the ma^or advantages 
of PLANIT. If properly and conscientiously per- 
formed, the evaluation techniques will greatly 
assist m the development of quality programs, and 
It will be on the basis of quality programs and 
products that CAI and PLANIT will continue to grow 
as a respected method of instruction and medium 
for research. 
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INDIVIDUALIZING EDUCATION THROUGH COflPUTER-nANAGnD INSTRUCTION 



Chairperson 



Dennis Souck 

University of Wisconsin - Madison 



Presenters: 



nuq^*ne A* Collins and Dean C. Larsen 
Jefferson County Public Schools, 
Colorado 



Morman E* Thonnson and Donald C. Holznaqol 
*!innesota School Districts Data Processinq 
Joint Hoard 



Janes flcNamara 

^■'isconsin Research and Develoonent Center 



Discussant: 



Ralph Van Dusseldoro 
University of Iowa 



Proqrams of individualized education havrj been innlenentod in a larqe nunher of the 
nation's schools. Such proqrams focus on the individual needs of students and allots stu- 
dents to nroqress at their own rate in accordance v;ith their needs and abilities* Tn- 
creasinqly, too, -^tiidnnts are able to make their oun decisions concerninq objectives and 
subject areas to bo studied ♦ It is evident, however, that oronrams aimed at individual- 
izina education require nupil accountina and decision-makinq patterns which demand the 
use of computers in instructional manaannont. 

Fach of the narticipants in this symposium is currently involved in the development 
of an interactive CMI svstem, desiqned to assist in student record keenina and to nrovide 
teachers v;ith information to be used in prescribinq or auidina the instructional process 
in individualized nroqrams. Eugene Collins and Dean Larsen ^/ill describe their exneri- 
ences in buildinq a computer modol of an exist inq instructional system^ from v/ithin a 
school environment and will identify the advantaqe of an on-line approach in reducinq in- 
terface problems which can exist between technical and user systems • Donald I'olznaaol and 
Norman Thomnson of TIES v/ill nrovide information concerninq their work on the Individual- 
ized Learnina Activities (ILA) system. Dovolonment of the 'Wisconsin System for Instruc- 
tional Manaaement ('IIS-SIM) v;ill be described bv Jam^s McMamara. In addition to a aeneral 
overview of oach of these three systems, the presenters will focus a portion of their dis- 
cussion on problems and concerns related to nrescrintivo and qroupinq functions in CMI 
systems. Such functions sunnly information to teachers to assist them in select ina appro- 
priate oducation.:l experiences and settinas for students enrolled in individualized in- 
strtictional proaram^. 

The session v;ill beqin with an introduction to Computer-Manaaed Instruction, present- 
ed by the symnosiun chairnerson. Followina the presentations, Ralnh Van Dusseldorp will 
comment on the papers, and his comments will be followod bv open discussion. 
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MANAGEMENT BY OBJECTIVES IN 
DEVELOPING EDUCATIONAL DATA SYSTEMS 

Edwin E. Blanks 
Virginia Comnwnwealth University 



The management of an urban university is 
faced with many of the challenges facing sister 
institutions of higher education. Located in the 
heart of a metropolitan area with commuting stu- 
dents, cofTWutinq facult/, scarcity of real estate, 
a concrete campus, parking headaches, and so on, 
we find administrators constantly assessing 
viable alternatives to insure organizational con- 
tinuity and direction. Performance planaing 
along with the uhiquitDus communication channels 
are two important fact)rs affecting the inter- 
action of the individual with the organizational 
structure and conversely the organizational 
structure with the individual. Management by 
Objectives is not the ianacea for all university 
wide administrative functions. With proper dir- 
ection, adequate feectbtck mechanisms, and exe- 
cutive support the MBO Program simply will not 
be just another I: control institutional 
activities. It will l»?come the formidable method 
for the overall accomplishment of messhing spe- 
cialized support funct ons into an influencial, 
functional unit. 

Why is management by objectives popular? 
Are analogous manageitxjiit techniques or methods 
of managcmC-nt leplaced? What is the prime mis- 
sion of the organization? These are simple ques- 
tions on the surface. However, many administra- 
tors left alone to de tannine guidelines, plans, 
and propitious use of existing resources find it 
a difficult task to develop workable answers to 
the aforementioned questions. Hopefully this 
paper will develop sorv^ understanding of the MBO 
Program in developing fducational Data Systems, 
highlight several barriers encountered in imple- 
menting successful programs, and attempt to ans- 
wer the previously mentioned questions. 

There are many overwhelming reasons why a 
now management program is unreal is» tic at any 
level in the organizat >nal hierarchy. The num- 
erous daily pressures, the coordination of com- 
ponent departJDents , anr deviations from the norm 
make it difficult to Practice the management 
functions of planning, organizing, directing, 
and coordinating. Also many managers possess the 
inclination that MBO u only designed for the 
'top' management of an organization. Comparison 
of several companies w»th successful MBO programs 
has depicted the nost ^^ffective application of 
this approach is located in the ranks of middle 
management. The secret of their success hinged 



on the participation by both managers and subor- 
dinate personnel in developing the program. 

The term management by objectives is often 
applied to just the organizations operating in a 
dynamic environment where timely information 
handling is rt ;j?isive to both internal and exter- 
nal needs. Also the term MBO may present a seman- 
tic problem for some organizations and individuals 
Objectives, goals, plans, targets, reMilts, per- 
formance appraisals are just several expressions 
used interchangeably in the MBO context. Individ- 
uals stressing absolut'j preciseness in establish- 
ing and defining objectives detect a fundamental 
weakness in attempting to provide a specific MBO 
statement. As we all suspect, definitions are 
strickly personal. As utilized in developing 
educational data systems, my definition of the 
term management by objectives is defined as: 
"A management technique stressing the results to 
be achieved while allowing involvement of the 
individual to establish specific criteria by 
which he will be expected to perform." Once again 
it is in^ortant to emphasize the personal nature 
of def ini tions. 

There are several keys to the success of an 
MBO program. Most analysts and programmers are 
more responsive to adhering to their own personal 
objectives tnan they are to objectives imposed on 
them by management. Large developmental <;taffs 
as well as smaller ones can attain job enrichment 
and increase productivity by personal involvement 
in the MBO program. 

Unquestionably, the term MBO could be con- 
strued to replace the traditional merit review. 
This misconception can be also applied to the use 
of objectives in preparing organizational budget 
programs. Institutional planning of one, three, 
and five year programs is connx)nly referred to as 
the MBO programs. Oepart'nental responsibilities 
utilizing greater self dotermination and encourag- 
ing positive attitudes aixng participants will 
align w^th the MBO program at the detail level. 
Simply stated, whatever the program and its use, 
and if the program has not been mandated from the 
executive level, objectives stressing results are 
here to stay. 

PROJECT ORIENTATION 

Close supervision of professional analysts 



and programniers is no longer tolerated at any 
level in the life cycle of systems development 
and implementation. New employees entering the 
field are better educated, in some cases highly 
motivated, and possess technical expertise some 
managers have never been provided. The manager 
is still responsible and accountable but finds 
it more difricult to apply the management ques- 
tions of what, why, when, and how. Assuming 
present trends, the size and complexity of the 
developmental effort is constantly increasing. 
The myriad time consuming activities associated 
with developing an educational data system places 
the manager in the difficult position of not 
being thoroughly aware of all of the detailed 
diversified activities of his staff. Compiling 
modules, catalogued procs., copy library specifi- 
cations, program library maintenance, invoking 
JCL, data base conc^ipts, TSO, and a host of other 
specialities formulate the manager's awareness of 
the fact that ais accomplishments are really the 
individual results of many specialized support 
functions wo-*<cing as a unit. The manager is 
applying the manage.iient functions of planning and 
organizing these specific technical areas to 
attain the desired results defined in the MBO 
program. 

The university organizational structure con- 
sists of two divisions, academic and medical with 
a provost on each campus. Functional vice pre- 
sidential areas, namely Finance, Student Affairs, 
and Planning and Operations transcend both divi- 
sions. The Director of Computing Activities 
reports directly to the President. There are 
four departments included in the realm of our 
university computing environment and tht systems 
and programming effort is one of three sections 
in the Administrative Services Department. 

The systems development effort is organized 
along the lines of project teams. The three 
teams are each headed t»y a systems development 
supervisor (project leader) and have systems 
analysts and programmers assigned specifically to 
the team. The academK team handles admissions, 
registrar, administrat* ve school functions, 
alumni, and continuing education applications. 
The financial team accomplishments deal with pay- 
rolls, cost accounting, budgetary system, stu- 
dent accounts receivable, and other supplemental 
financial sub-systems. The third and last major 
group concentrates on inventory applications, 
training, documentation, standards, structured 
walk through procedures, and controls. The 
existing structure which handles both new deve- 
lopment and maintenance activities fits into a 
results oriented framework. Some of the indi- 
viduals remain task oriented but for the past 18 
months most of the analysts and programmers have 
adapted the self development approach in our MBO 
program. 

MANAGEMENT BY OBJECTIV E S SYSTEM 

Generally, implerrientation of the MBO program 
requires an understanding of the management func- 
tions and clearly stated objectives. Making ob- 
jectives clear is not always an easy task. Objec- 
tives are only clear when they are well stated. 
The criteria for making objectives clear are: 



1. Individual - Directly traceable to a 

person doing his job 

2. Measurable - The ability to quantify 

identified indicators of 
progress 

3. Specific - Delineates the particular 

area of performance tar- 
geted for improved results 

4. Realistically- Based on sound analysis 

Set not wishes 

Objectives are clear only when the above criteria 
exists and when they are understood and mutually 
agreed upon. Objectives may be established in any 
one of the three following ways: 

1. Imposed from the top 

2. Jointly evolved 

3. Initiated by the subordinate 

The jointly evolved method normally has the best 
chance for success. Here the manager and the 
analyst or the analyst and DrograrnDer sit down and 
jointly agree on the objectives and the results to 
be attained. Regardless of approach, answers to 
several questions must be developed. What 
resource support does he need to meet the objec- 
tives? Will these objectives affect other 
employees or other stated objectives? 

The acceptance and implementation of a suc- 
cessful MBO system is contingent on indicating the 
areas targeted for improvement before the fact. 
This establishes a firm line of coimiunicatior*, a 
mutual understanding of what is expected, and a 
results orientation necessary to remove the per- 
sonality contest from the performance review 
cycle. How is this accomplished? 

We have found the use of an application item 
Check List and Plan List to be the accepted 
vehicle. The Planning List requires only a yes or 
no indication next to each application item re- 
quired for successful development of any assigned 
project. The application items have associated 
with them individual standards. These standards 
are succinct statements located in the standards 
manual and used as a guide for the analyst and 
programmer in completing his work. The list of 
application items consists of many traditional 
systems components. Such things as flowchart, 
data element dictionary, program narrative, pro- 
gram 11<;ting, procedJi€ manual, file specifica- 
tions, sort/utility statements, and catalogued 
procedures.. This list is not all inclusive and 
items can be added or deleted to suit your organ- 
ization. 

There is also a technical support section to 
be completed prior to beginning work on the pro- 
ject. This section provides for control in main- 
taining the validity of the test and source mod- 
ules. The checking of both areas is normally 
handled during the structured walk through. The 
use of this valuable tool, the plan and check list 
document, allows the MBO system to function in the 
chronological sequence of determining what must be 
done at project initiation. This provides both 
management and the analyst/prograrrsTier the "before 
the fact", mutually agreed on, objectives neces- 
sary to complete the assigned work. 
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PLAN LIST CHECK LIST 

Required I torn Approved By 

JLes^jio APPLICATION ITEM (STANDARD NUfiBER) Sign & Date 



Feasibility Proposal (308) 

Documentation Index List (320) 

Implementation Schedule (316) 

Application Flowchart (328) 

File Specification (336) 

Sort/Utility Statements (360) 

Program Narrative (408) 

Program Flowchart (412) 

Program Listing (416) 

Cataloyued Procedure (384) 

Job Execution Deck (388) 

Procedure Manual (380) 

Data Management Manual (724) 

/ Keypunch Binder (728) 

/ Test Data (364) 

Approves the above assignment of required items. 

Sign & Date 



COMPLETED BY TECHNICAL SUPPORT 

Approved By 

Sign & Date COPY LIBRARY 

• File specifications a dded - changed - deleted in 

SYSl .COBLCOPY. CircTe if appropriate. 

SORT/UTILITY CONTROL STATEMENTS LIBRARY 

• Sort/Utility Control statements added - changed - 

deleted in SYSl . SORTPAKM. Circle if appropriate. 

PROGRAM LIBRARIES 

• Production status module which needs to be modified, 

has been moved from SYSl .LIBMSTR to LIBRARY. SOURCE . 

o Module has been moved from TESTLIB to SYSl.LOADLIB 

and LIBRARY. SOURCT'to S YSl .L I BMSTR . 

6 Module has been scratched from TESTLIB Jind LIBRARY. 

SOURCE. 

CATALOGUED PROCFDURE LIBRARY 

• Application procedures have been adde_d_ - changed - 

dcj_e_t^ed^ in SYSl . PROCL I B. Circle TT appropViat'e. 
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This technique can be utilized throughout any 
phase of the empirical analysis in the systems 
development cycle, where the developmental 
aspects may consist of such things as problem 
definition, preliminary survey, systems planning, 
conceptual design, detail specifications, and 
technical requirements, the concept using objec- 
tives can be applied. It will also work in the 
areas of programming, client training, implemen- 
tation, and ongoing maintenance. The rationale 
for discussing the many areas in which objec- 
tives might apply is to help broaden the paro- 
chial view of many task oriented managers, ana- 
lysts, and programmers 

BARRIERS 

As with any new approach or new system there 
is always the possibility of encountering formi- 
dable barriers. Certain individuals in the organ- 
ization will have definition problems. They begin 
to play the word game. The use and misuse of spe- 
cific terms while defining these terms creates a 
situation where the employee states he does not 
understand the program. 

Another barrier is the extremely busy 
employee. The routine and the important duties 
of this employee in general is a common occurrence 
in many organizations. The employee may lack job 
flexibility or he may represent a one man system, 
either of which constitutes a barrier in implemen- 
ting a successful program. He sees this as just 
more red tape to contend with and not an intrin- 
sic portion of his prodigious duties. 

Finally, there are many employees who regard 
this system as too difficult to understan.d. This 
often happens where the MBO program is being man- 
dated from the top by edit. The employee does 
not recognize this as something he wants to 
identify with or learn. In some cases this is 
the old, overworked resistance to change probia. 
Forcing this change will normally not be succes- 
sful. Giving the employee the opportunity to 
chat and ask questions about the program is one 
way of possibly gaining his confidence. There 
are many other obstacles in the path of instal- 
ling and implementing an MBO system. Only sev- 
eral of these barriers have been indicated. 

SUMMARY 

The concept of Management by Objectives in 
developing educational data systems is a chal- 
lenging and exciting one. The material pre- 
sented in this article is provided to spark 
your appetite. Let each project area or each 
department establish their own objectives and 
then discuss the planning cycle necessary to 
implement these objectives. The MBO system 
utilized in the systems and prograrmnng deve- 
lopmental effort is a valuable tool and when 
used properly will increase productivity. 



ERIC 



REFERENCES 

E.E. Blanks, Application Documentation - A Life 
Cycle Tool, Paper presented at CAUSE, 
Washington, O.C., 1974. 

Dick H. Brandon, Data Processing Organization and 
Manpower Planning, Petrocelli Books, 1974. 

J. Daniel Couger and Robert W. Knapp, Systems 
Analysis Techniques , John Wiley and Sons, 
Inc., 1974. 

Gordon B. Davis, Management Information Systems : 
Conceptual Foundations, Structure, and 
Development , McGraw-Hill, 1974. 

Glen H. Vamey, Management by Objectives , 
Dartnell Corporation, 1971. 

Management by Objectives , Association For Systems 
Management, 1971. 

Managing Improvement Through Performance O bj ec^ 
tvves. Practical Management Associates T B73. 



Z3 



CRITERION-REFERENCED CURRICULAR 

DECISION-MAKING: 
CRITICAL COMPUTER APPLICATIONS 

by Or. Roger B. Worner 
Executive Oirectnr 
Institute for Educational Research 
Oowners Grove, Illinois 



The track record of curriculum personnel in 
harnessing the speed and versatility of the 
computer for curriculum decision-making purposes 
has been most unimpressive. And there should be 
little wonder about this. In the early years of 
computer installation in school systems, it was 
the business-oriented educator who perceived the 
promise and opportunity that computer technology 
held for processing data in innumerable versions 
and combinations to enhance fiscal decision- 
making and accountability. Curriculum leaders 
continued to be among the entrenched skeptics 
who believed that anything really worthwhile 
should be humanly processed with a careful 
measure of reflectiveness and, most undubitably, 
should not be left to the clumsy machinations of 
an awkward combination of integrated circuits 
controlled by an unimaginative computer program- 
mer, who fiX)st frequently spoke in a foreign 
language of bits, bytes, core, disk, mod, and 
other unintelligible verbiage. So the world of 
the curriculum educator progressed in the age of 
computer technology, and even today, most school 
district instructional leaders having access to 
the computer degrade its magnificent processing 
capacities to the level of a class III clerk 
typist. In this light, there should be little 
wonder that the priority rating of most instruc- 
tional applications in all but a few school 
districts falls only slightly behind the 
production of the Expenditure Report on 
Janitorial Supply Utilization. 

Fortunately for us curriculum people, a 
small but Increasing number of instruction-minded 
educators are no// envisioning the dynamics of 
computer technology and are wresting control of 
a valuaole aid - lost by default - that will 
furnish the key to critical curriculum decision- 
making in the public schools. Now that the 
retainer walls have given away, it would appear 
that an endless flood of "new" curriculum and 
instruction questions of crucial significance to 
the operation of school districts are being 
raised. Among them are "Can the computer be of 
assistance in sequencing instructional skills 
and processes taught in the classroom? Can it 
help "in organizing curricular materials and 
rating them for classroom usage? In what manner 
can it assist in more accurate student diagnosis. 



placement, prescription, assessment, supplementa- 
tion, grouping, and monitoring? Can it help to 
specify inservice training needs?" The number and 
quality of the questions dre heartening. Curric- 
ulum people are arriving, finally. At the same 
time, however, they are not infrequently finding 
that the present degree of curricular specifica- 
tion is not sufficient to enable the computer to 
provide meaningful, usable information that can 
be applied to sound curricular decision-making. 

The first order of business, it would appear, 
IS for curriculum leaders and designers to prepare 
themselves for the demanding data requirements 
requisite to complex curricular decision-making. 
When this is at a sufficiently accomplished state, 
the computer will provide analytic responses with 
the sophistication desired to dramatically improve 
instructional services for students, teachers, and 
administrative decision-makers. 

Preparation for Curricular Oecisiqn-Making 
Making effective curricular decisions 
through the application of a computer requires 
thoughtful planning to identify the priority areas 
of a school district's informational needs, the 
scope of those needs, and the practical and 
potential utility of information that is gathered 
or generated. A curricular sp2Cification effort 
will surely follow this planning and will be 
directly dependent upon these factors. It is an 
axiomatic reminder that the computer can not and 
will not respond to questions which have not been 
asked, and its analytic responses will rarely be 
more sophisticated and have greater utility than 
that which was originally perceived by the 
inqui rer. 

Several of the most critical areas where the 
computer can be applied to curricular decision- 
making are (1) test generation, (2) student 
diagnosis, (3) student placement, (4) student 
grouping, (5) student prescription, (6) student 
monitoring, (7) skill and process sequencing, 
(8) curricular material organization, (9) select 
curricular material usage, (10) curricular 
material revision, (11) identification of 
inservice training needs for staff, (12) achieve- 
ment gain parameters, (13) cost/effective 
analysis, and (14) curricular material ware- 



id 

ERLC 



21 

30 



housing and deployment. In most school systems, 
a few of these functions are being performed. 
Yet, all of them can be effectively accomplished 
in school systems with or without the use of a 
computer, though the rapidity of processing and 
the potential combination of analyses are 
unquestionably enhanced by computer availability. 

The degree of curricular specification 
required to enhance decision-making in each of 
these fourteen areas is not nearly as prodigious 
and time-consuming as one might initially 
imagine. At the same time, it is noteworthy that 
the required specifications are so basic to the 
operation of curricular and instruction programs 
that they should have been accomplished in all 
school districts whether or not there is an 
interest in addressing any of the suggested 
strategical decision-making areas. Minimal 
specification activities to prepare for computer- 
applied curriculum decisio'i-making are (1) the 
identification and sequencing of instructional 
skills and processes, (2) the referencing of 
identified instructional skills and processes to 
available curricular materials in the school 
district, (3) the construction of representative 
test items for each instructional skill and 
process, (4) the referencing of developed test 
items to each instructional skill and process, 
and (5) the establishment of a series of 
decision rules that will be applied to data 
generated by the computer.! Unquestionably, 
there are an excessive number of additional , more 
detailed curricular specifications that can be 
undertaken to improve school district curricular 
content, delivery, and assessment, but it would 
appear prudent to obtain, initially, the wealth 
of curricular decision-making information that 
can be derived with a modest time and cost input. 
With that successful experience realized, the 
need for and desirability of forging ahead in 
fiiore detailed areas of curricular investigation 
and specification become readily apparent. 

Identifying and Sequencing Skills and 
Processes . Primary to curriculum and instruc- 
tion decision-making of any type is that school 
districts clearly specify the detailed foun- 
dations upon which their programs are based and 
the instructional elements that the programs 
convey to the student. Whether school districts 
label the instructional foundations for their 
programs as skills, processes, concepts, 
elements, principles, or a combination of these 
terms, it Is vital that they be explicitly 
identified for each program, grade level, 
course, or subject.. Furthermore, the instruc- 
tional foundations will need to be sequenced in 



^Detailed examination of these and 
additional specifications for curricular 
decision-making are found in Roger B. Worner's, 
Criterion-Referenced Diagnosis, Placement, and 
Prescription (Nashville, Tennessee: Learn, 
Inc., 1975). 



a manner that seemingly best represents a logical 
pattern for Introducing and instructing these 
elements to students as they progress through a 
course, grade level, or program. 

The process of identifying and sequencing 
skills and processes Is not a particularly awesome 
task, though it Is doubtlessly flawed because 
school district personnel have rarely attempted it 
before. At the same time, however, every textbook, 
workbook, and aid used In the schooling process has 
a stated sequence, and contrary to what many people 
will claim, most Instructional staff members follow 
the publisher's sequence quite religiously. Thus, 
in the absence of any more sophisticated 
approaches, staff members selected to identify and 
sequence skills and processes can accomplish the 
process by replicating publisher skills and 
sequences or empirically deriving them. 

Referencing Skills and Processes to 
Curricular Materials" A more time-consuming but 
no more difficult task to prepare for curricular 
decision-making is the referencing of instruc- 
tional skills and processes to available textual, 
workbook, and a-id material s frequently used by 
classroom teachers in conveying skills and 
processes to students. The process amounts to 
citing the title of a book (workbook or aid) and 
the page numbers where a particular instructional 
skill or process is treated. This task will need 
to be done for each skill and process in each 
program, grade level, course, or subject avail- 
able- in the school district or, if a lesser 
approach is selected, to those programs, grade 
levels, courses, or subjects on which the school 
district wishes to gather and process decision- 
making data. 

Obviously, the more extensively that skills 
and processes are referenced to a broad range of 
available school district curricular materials 
the greater will be the decision-making potential 
to school administrators and classroom teachers. 

Constructing Representative Test Items . A 
task crucial to curricular decision-making is the 
construction of representative test items for 
each skill and process identified in each program, 
grade level, course, or subject. Since the test 
items will be used innumerable times in collecting 
deciding information, it would be advisable that 
test item writers be trained in the intricacies 
of performing this task. The process is not 
difficult to learn, and highly successful results 
can be achieved with a minimal amount of capable 
guidance. 

School districts may wish to consider the 
development of several test items (perhaps as 
many as ten) for each skill and process to enhance 
the capability of generating multiple forms of 
tests with varied test items. 
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Referencing Test Items to Skills and 
Processes ♦ Since test items are developed for 
explicit skills and processes previously 
identified, referencing the items is a simple 
clerical matter. In the process of carrying out 
the item to skill and process referencing, It is 
worth noting that because of the previous skill 
and process referencing to curricular material , 
the school district will have accomplished a test 
item to curricular material referencing without 
the need for actually undertaking that process. 

Establishing Decision Rules . At some point 
in the conceptualization of each of the cur- 
ricular decision-making areas, school district 
personnel will need to establish decision rules 
that govern how the computer should process, act 
upon, and report data. As an example. If place- 
ment tests for reading are generated and 
administered to first grade children, rules will 
need to be established governing how the computer 
should correct the test; indicate ski 1 1 /process 
proficiency, deficiency, or questionable mastery; 
establish a student's placement based on 
deficiency; document the type and number of 
potential instructional prescriptions that may be 
used for beginning or follow-up instruction; and 
report other information in a form and according 
to specifications desired by administrators and 
teachers. 

The setting of decision rules is not a 
difficult process, and the only certain guidelines 
for setting them are that the user have confidence 
the rules will not distort the data in a manner 
which would cause questionable or faulty decision- 
making to occur. Thus, those who establish 
decision rules have the responsibility to assess 
the degree of stringency that will be applied to 
data. If decision rules are too stringent, they 
may over-discriminate; if they are too lax, they 
my under-discriminate. Under any condition, 
however, decision rules - like skills, processes, 
sequences, test items, referencing, and the 
curricula itself - are changeable, and a part of 
the rationale for undertaking these activities 
is to learn. As such, the setting of decision 
rules will need to be done with care, but. the 
expectation that it will be done without error 
and revision is unrealistic. 

Criterion-Referenced Curricular Decision- 
Making . Having completed the specification 
activities for curricular decision-making, school 
districts will have delineated criterion- 
referenced data, information that is built upon or 
reflective of actual local programs and 
procedures. The value of criterion-referenced 
data specification for decision-making is that it 
captures the essence of the content, sequence, 
and measurement criteria of local programs, while 
non-criterion-referenced data specification, at 
best, only approximates what "may be" the 
substance of local programs and. at worst, fails 
to reflect local programs at all. The obvious 



advantages of criterion-referenced data 
specification are that the data acquired have 
a dii ^ct bearing on the content, sequence, 
procedures, material, and measurement that are 
being employed in the school district, -and the 
decision-making data collected cannot be dismissed 
or rationalized as irrelevant. Once that barrier 
is removed, school administrators and teachers can 
look objectively and with confidence at gathered 
data and ferret out curricular areas which would 
appear to need attention. They can also proceed 
with a "controlled" adjustment of content, proce- 
dures, materials, and measurement variables - 
from a knowledgeable vantage point - in attempting 
to effect improved curricular programs.^ 



Critical Computer Applications in the Curricula 
The critical computer applications in the 
curricular area are those which effect the 
accurate and effective delivery of services to 
students. These applications revolve around the 
detection of a student's instructional status 
(test generation, student diagnosis, student 
placement, and student grouping); content deliver** 
(student prescription and student monitoring); 
adjustment of curricular content and delivery 
(skill and process sequencing, curricular material 
organization, select curricular material usage, 
curricular material revision, identification of 
inservice training needs of staff, and curricular 
material warehousing and deployment); and broad- 
based, curricular decision-making (achievement 
gain parameters and cost/effectiveness analysis). 

Test Generation. The prior specification of 
school district skills and processes and the 
development of test items referenced to those 
skills and processes enables curriculum personnel 
to use the computer in the generation of a multi- 
tude cf different forms of criterion-referenced 
tests for diagnostic, placement, and assessment 
purposes. Depending upon the parameters 
established by school district personnel, tests 
can be constructed to diagnose or assess any phase 
of programming or student learning: multi-grade 
level, single grade level, multi-discipline, 
single discipline, skill strand, unit stand, and 
numerous others. 

Student Diagnosis . Using tests generated on 
the skill and process content of a single or 
series of grade levels and applying decision 
rules reflecting the degree of a student's 
proficiency (e.g. mastery, non-mastery, question- 
able mastery), curriculum personnel can use 
computer technology to diagnose the location and 
degree of student proficiency and deficiency. 

Student Placement . Diagnostic information 
derived from criterion-referenced tests can be 
used t6 ascertain a student's instructional 
placement position in a program, grade level, 
course, or subject. .By establishing and applying 
decision rules to the frequency, succession, or 
pattern of skill deficiency identified in 
criterion-referenced testing, the point at which 
a student's knowledge of the curricular program 
breaks down can be established, and the point of 
beginning instruction can be determined. 
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student Grouping . Since school district 
personnel are able to acquire diagnostic and 
placement data on individual students using 
computer applications, they are also able to 
apply these Inuividua'* datum to groups of 
students and determine the frequency, composi- 
tion, and range of student deficiency for the 
purpose of initiating instructional groupings. 
Such a procedure can be applied on a classroom, 
grade level, program level, or school level basis 
depending upon the desires of school administra- 
tors and teachers. 

Student Prescri ption. The referencing of 
test Items to school district skills and process- 
es, and, in turn, the referencing of the latter 
elements to curricular materials, permits 
curriculum and data processing personnel to 
construct computer applications mat will yield 
information on student prescription. Each skill 
or process included in a curricular program is 
represented by one or a number of sets of 
instructional materials which can be used to 
convey the meaning and content of the skill or 
process. Depenuing uDon the decision rules and 
paranieters set up to report prescriptions, the 
computer can either report all (or some) iden- 
tified prescriptions for the student's placement 
skill, the same information for all skills in 
which the student has jxhibited deficiency prior 
to his placement position, or both types of 
information. 

Student Monitoring . School districts can 
employ the computer as a periodic or continuous 
instructional nonitorirg device through on-line 
or batch process modes. Monitoring can be used 
to ascertain student progress, reassess grouping 
patterns, affirm the presence or absence of 
proficiency or deficiency, test out the efficacy 
of prescriptions and original placement, and 
perform any number of administrative and teach- 
ing evaluations of curricular content delivery. 
It is noteworthy to mention that on-line pro- 
cessing and instantanecus teacher and student 
feedback, prorcted by some as requisite for 
successful instructional activities, is most 
likely neither cost effective nor necessary if 
other curricular activities (e.g. skill and 
process identification and sequencing, curricular 
material specification, referencing, and 
cri*'erion-referenced test construction) are 
properly and completely carried out. 

Skill and Process Sequencing . School 
district personnel can obtain valuable informa- 
tion from the computer with which judgments about 
the appropriateness of instructional skill and 
process content and seqjences may be tendered. 
Among other information yielded by computer- 
generated criterion-referenced tests are 
"deficiency counts" on each skill and process 
conveyed in the instruc:ional program. Deficien- 
cy counts specify the incidence with which a 
given skill is answerec incorrectly by students 
and states when there i . no relationship between 
the incorrect answers aid the student's final 
placement. If a skill's deficiency count is 
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high - on a variety of different test items - it 
may suggest that the skill is inappropriately 
placed in the sequence or, it in some instances, 
is of questionable importance to the curricular 
program. 

Curricular Material Organization . Just as 
the computer can be used to rearrange and extract 
skills and process from a curricular program 
because of their inappropriateness , it may be used 
in an identical manner to cause the rearrangement 
or deletion of curricular materials. Since 
curricular materials are referenced to instruc- 
tional skills and processes during the curricular 
specification process, curricular materials may be 
resequenced by manual or machine reprog ramming at 
the same time as each skill and process is being 
resequenced. 

Select Curricular Material Usage . Perhaps 
among the more difficult tasks facing classroom 
teachers is selecting and employing curricular 
materials with children exhibiting forms of 
exceptionality (e.g. learning disability, emotion- 
al problems, educable mentally handicapped, blind, 
deaf and hard of hearing, and others). Because 
instructional centers for exceptional children 
are frequently scattered throughout a school 
district and the nature of the teaching task is 
inherently more difficult, teachers of the 
exceptional child require a greater degree of 
feedback on the instructional efficacy of cur- 
ricular materials used with students having very 
unique learning problems. Such feedback may be 
obtained by recording the specific prescriptions 
employed with the district's exceptional children 
in mastery of skills or processes. The storage 
and processing of such data on a district-wide 
basis can be used to aid in strengthening the 
school district's curricular holding of select 
types of materials, preparing prescription 
profiles for exceptional students, projecting 
the characteristics of materials which have a high 
probability of success, deleting questionable 
materials, and mapping instructional strategies. 

Curricular Material Revision . The computer 
is a valuable tool in assessing the points at 
which curricular materials are weak and in need 
of revision. By collecting feedback from teachers 
on prescriptions used in instructing specific 
skills and processes and assessing student 
criterion-referenced test results, evidence can be 
collected which suggest the need for a careful 
analysis and possible revision of curricular 
materials. Particularly is such analysis of value 
in assessing materials used to convey skills on 
which students frequently exhibit deficiency and 
which are likely to affect student placenent. 

Identification of Inservice Training Needs 
of Staff . Skills and processes that are frequent- 
ly found deficient in post-criterion-referenced 
test assessment (after the student has received 
instruction) serve as a potential basis for 
curricular material revision, inservice training 
of staff, and, more likely, both. Again, the 
computer can serve as a data retriever and analyst 




in determining the frequency and identity of 
vital, yet troublesome, skills and processes 
with which students exhibit a moderate or high 
degree of deficiency even after instruction 
has been carried out. Such information may be 
used to structure training sessions on method- 
ologies, materials, and techniques for conveying 
skills and processes that are directly linked to 
student failure in the school district. 

Curricular Material Warehousing^and 
Deployment . Using end of the year diagnostic, 
placement, and prescriptive information 
gathered from computer-generated and processed 
criterion-referenced tests, a warehousing and 
deployment plan may be established and 
implemented to specify the exact quantity and 
type of district curricular materials delivered 
to each building and classroom in the school 
district. Such a plan insures that classroom 
teachers will have material resources readily 
at hand on the first day of school and that 
they will be specifically selected on the basis 
of each individual child's assessed needs. The 
classroom teacher may then apply diagnostic, 
placement, grouping, and prescription informa- 
tion on an individual or group basis immediately 
without experiencing the delays and errors that 
are characteristic of material deployment at 
the beginning of a school year. 

Achievement Gain Parameters . School 
districts that have undertaken tas^c curricular 
specification will determine that ,he computer 
has unique capabilities for gatheiing and 
analyzing achievement data. For oxample, based 
on pre- and post- test administration of school 
district criterion- referenced tests, achievement 
gain data can be collected by school, program, 
grade level, department, or other organizational 
unit. Such information can be used to assess 
the priorities for funding, staffing, material 
allocation, and resource deployment to schools, 
programs, departments, and grade levels where 
unique learning problems appear to be causing 
underachievement. Flexible achievement gain 
parameters may be established - based on the 
past performances of school district students - 
to assess the present and project the future 
efficacy of instructional programs in delivering 
appropriate services to students. Though such 
parameters will always be limited by the fact 
that the tested student clientele is forever 
changing, they have the inherent capability - 
when combined with other information - of 
identifying sources of curricular design or 
programming that are weak and require further 
study or immediate change. 

Cost/Effectiveness Analysis . Sc^ol 
di s t ricts employing a planmng-pro g rammi n g - 
budgeting system framework for gathering and 
analyzing cost data are in a unique position to 
apply those data to achievement information 
gathered through curricular specification and 
derive cost/effectiveness comparisons among 
instructional programs. Using cost figures 
derived from a program budget and achievement 



gain figures acquired from the pre- and post- 
administration of criterion-referenced tests, 
cost, effectiveness ratios can be documented for 
similar programs, courses, and subjects. 
Determinations can then be made on the effect of 
cost increases, decreases, or stability on the 
variable effectiveness of diverse instructional 
practices, procedures, or support systems. 
School districts will find that cost/effectivness 
procedures are particularly valuable for 
assessing the relative merits and practices of 
alternative programs that are being considered 
for implementation, especially when cost is a 
vital consideration. Numerous other valuable 
insights are provided through the derivation of 
cost/effectiveness analysis. Among them are 
critical information for long-range planning, 
goal setting, priority setting, budget deliber- 
ation, innovative program design, and many others. 



Conclusion 

The practical applications to which the 
computer can be applied by school district 
personnel is virtually limitless. It would 
appear, however, that the most promising and 
significant utilization of computer technology 
in school districts may be in the domain of 
curricular decision-making. With a minimal 
amount of internal curricular specification - 
involving the completion of ta^^ks that are so 
basic to school district operation that they 
should have been completed decades ago - an entire 
panorama of improvement activities can be 
initiated to aid school districts in increasing 
the quality of curricular services they deliver 
to students. Perhaps the most significant aspect 
of computer utilization for the schools* cautious 
curriculum leaders to recognize is the potential 
that this tool holds for humanizing instruction 
for students and refining the content and make-up 
of curricular offerings. Without imposing any 
content or procedural limitations on school 
teachers and administrators, it can aid the 
schools in viewing the student in his fullest 
complexity and help to design an endless number 
of alternatives that can help him to achieve both 
personal and academic success in the schooling 
process. 
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One of the frequent problems discussed in user 
meetings covers the sharing of programs or appli- 
cations between installations. Due to the differ- 
ent languages that may be used as well as the 
varying internal structure of the hardware of the 
computers, transfer of programs has required al- 
most a total reprogramming effo>'t to implement an 
application at a different installation. 

Star'Kweather (1969) indicated his concern about 
the transfer of instructional material between 
computers when he stated: 

The language should be versatile and in- 
clusive so that other languages in which ex- 
tensive curriculum materials have been devel- 
oped can be translated into it. The language 
processor itself should be written in a read- 
able computer programining language to aid its 
implementation on a variety of computers 
(p. 272). 

Zi'^n (1969) analyzed many instructional lan- 
guages and addressed the translation problem by 
stating: 

New languages and systems will have greater 
capacity for translation of instruction pro- 
grams from present programming languages in 
which they were implemented. Translatability 
is possible without imposing any restrictions 
on innovative ideas for language or strategy 
(p. 33). 

Feldhusen (1970) in his review of CAI research 
and development made this reconunendation con- 
cerning an instructional language: 

For the present the diversity of languages 
and the relative complexity of most languages 
stands in the way of program development and 
precludes transfer from system to system 
(p. 7). 

One way to assist with the transfer of infor- 
mation from one system to another is to use de- 
cision tables in many o* the educational appli- 
cations of the computer First, let us discuss 
the concepts of aecision tables and how they 
are used. 

A decision table or logic structure table is a 
tabular representation of a procedure for express- 
ing the logical relationship between a set of con- 
ditions and the actions to be taken when specified 
combinations of the conditions exist. There are 
four major parts to a decision table formed by in- 
tersecting vertical and horizontal double lines. 
According to Montalbano (1974), each part has its 
own specific function and two of these are design- 
ed to answer the following questions: 
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1. What factors have to be consiaered before a 
course of action can be determined? 

2. What actions are governed by this procedure? 
The answer to the first question is found in the 
upper left corner - the condition stub - as shown 
in Figure 1. The answer to the second question Is 
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Figure 1. Decision Table Arrangement 



represented by the lower left section of the de- 
cision table - the action stub. To the right of 
the double vertical lines is the entry part, which 
in turn is divided into the condition entry above 
the double horizontal lines and the action entry 
that is below the dividing lines. The condition 
entry contains answers to the questions asked in 
the condition stub, while the action entry con- 
sists of specifications of the actions described 
in the action stub. The three different types of 
tables depend on what kind of entries are used in 
the table.. A limited entry table means that the 
answers in the condition entry and the specifica- 
tions in the action entry are generally limited to 
YES or NO. When more general entries, such as 
words or phrases are used, the table is called, 
extended e^ry. Tables which combine these two 
types, whe^ entries across a row are consistently 
of one type, are called mixed entry tables. The 
entry sections of a table tie it together and pro- 
vide the basic difference between decision tables 
and other forms of procedure descriptions. 

The difference is the manner in which the branch- 
ing structure - more commonly called the program 
logic - of procedure is displayed. Most procedures 
include conditional actions that are performed only 
if a set of conditions holds true. Program logic 
is this combination of inter-relationships between 



conditions and actions. In narrative descriptions 
and flow charts, which are the most comnxjn methods 
of describing program logic, the conditions and 
actions are Intermixed. By contrast, in decision 
tables, they are separated, with all the conditions 
listed In the condition stub section and all the 
actions specified in the action st'jb. 

To illustrate the use of a decision table, con- 
sider the following situation taken from Article 
II of the Constitution of the United States: 
No person except a natural born citizen, or 
a citizen of the United States at the time of 
the adoption of this Constitution, shall be 
eligible to the office of President; neither 
shall any person be eligible to that office who 
shall not have attained to the age of thirty- 
five years, and been fourteen years a resident 
within the United States. 
When the Information in this narrative form is 
placed In a decision table, the conditions for 
eligibility are easier to comprehend. All of the 
possibilities are clearly delineated in the decis- 
ion table shown in Figure 2. The Y stands for YES, 
N stands for NO, and X Indicates the action to be 
taken. In the action entry a blank corresponds to 
no action for this activity. The blank in the con- 
dition entry represents a "don't care", "Ignore", 
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or "it doesn't matter" situation regarding a part- 
icular condition.: Further explanation of the use 
of the blank in an entry will be shown in the next 
example. 

The right part, or entry section, of a decision 
table is divided by vertical lines into columns 
called rules, with the numbers at the top of the 
column identifying the rule number. Each rule in- 
cludes both a condition part and an action portion, 
thus connecting one to the other. The interpreta- 
tion of a rule, using Rule 1 in Figure 2 is as fol- 
lows: If a person is 35 years old or more, and a 
natural born citizen, and a resident of the United 
States for at least 14 years, then that Individual 
is eligible for the office of the President of the 
United States. At any condition where the indi- 
vidual fails to qualify, indicated by N, the re- 
sult specifies that the person is ineligible for 
the office. Everything written in the narrative 
form in the Constitution is neatly laid cut in 
this table, which permits a quick and easy check 



of an individual's eligibility. 

In general, a rule is a conditional directive of 
the f rm, "If the checked conditions listed in the 
condition part hold, then take the actions speci- 
fied in the action portion". For purposes of com- 
puter processing, the information contained in the 
decision table is usually coded in symbolic terms 
that are easily handled by the computer. Thus, 
the Yes or No entries in the decision table can be 
represented by 1 or 0 respectively, which are sym- 
bols that can be processed by the computer easily. 
The person who prepares the original decision 
table need not perform this coding, since this 
activity can be handled quite readily by the com- 
puter using a specific program. Condition entries 
in a limited entry table, thus lend themselves to 
simple conversion by a computer program. On the 
other hand, entries in an extended entry table, 
consisting of words, phrases, or expressions, fre- 
quently require the inclusion of a code book or 
conversion aid, in order to assist the computer in 
setting up a processable form. 

Consider another example used by a college ad- 
mission officer to determine a student's accept- 
ability for entrance to the college according to 
the following criteria: 

All students with a grade point average of 3.0 
or better will be admitted. Those students with 
grade point averages between 2.5 and 3.0 and an 
SAT score of 800 or better will be admitted. A 
student who is first in his high school graduating 
class will be admitted. 

Arranged in decision table format, the information 
would appear as shown in Figure 3. 

This college admission table is an example of a 
mixed entry table. The condition entries for the 
first two conditions use phrases which represent 
an extended entry type table. The remaining en- 
tries, for the third condition and all the action 
entries, are of the limited entry type. All en- 
tries across a row must be of the same type, 
either limited entry or extended entry. The 
blanks in some of the condition entries indicate 
that a particular condition can be Ignored, or it 
does not matter or pertain to the rule. Thus, a 
"Don't Care" answer, represented by the blank, is 
equivalent to ignoring a particular condition. Or, 
stated in different terms, the answer to the con- 
dition with the blank response does not affect the 
rule so that it doesn't matter in the overall con- 
sideration. Most decision tables will contain 
"Don't Care" entries, otherwise the tables would 
be unmanageable in size. A decision table with 
eight conditions would require a total of 256 
rules to express all possible combinations if 
there were no blank entries. The ELSE rule illus- 
trated in Figure 3, permits the collection of all 
the cases that do not meet the conditions speci- 
fied by Rules 1, 2, or 3. This rule provides a 
considerable saving in expressing the various com- 
binations permitted in the table. 

The general considerations about decision tables 
and their representation can be sumnarized as 
fol lows : 

1. All the questions thct should be asked or 
conditions to be tested are found in the 
condition stub. 

2. All the types of actions to be taken are 
found in the action stub. 

3. The answers to the questions or the condi- 
tions to be tested for a given procedure are 



27 



College Admission 




1 


2 


3 


Else 


GPP 




J • u u r 

better 


2.5 & 3.0 






SAT score 






800 or 
better 






First in H. S. Class 








Y 




Admit to college 




X 


X 


X 




Send sorry notice 










X 



Figure 3. College Admission 



found in the condition entry and constitute 
the condition portion of a rule. 

4. All the permissible actions for the procedure 
are found in the action entry and constitute 
the action portion of a rule. 

5. Rules set apart by vertical lines that define 
columns are defined by the correspondence be- 
tween sets of conditions and courses of 
actions. 

An exar«ple will be given to illustrate the use 
of a decision table with specific subject matter. 
Consider the case of an algebra teacher who is 
teaching the concept and evaluation of quadratic 
equations using the quadratic formula. The de- 
cision table in Figure 4 indicates the part of 
the formula that separates the evaluation of the 
given expression into rational, irrational, or 
imaginary roots. It is true that each case can 
be solved by using the quadratic formula, but 
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simplified evaluation can be accomplished by the 
use of factoring. This breakdown not only uses 
more than one method, but shows the student where 
and when to apoly different types of solution 
strategies. The table will now be explained in 
terms of decision table concepts. The situation 
should be analyzed in terms of the conditions and 
actions involved in the activity. When these have 
been elaborated the relationship between these con- 
ditions and actions should be set up in the form 
of rules. 

The first condition stated in the table concerns 
the value of the expression b -4ac, the discrimi- 
nant, which in the quadratic fo rmula is the quant- 
ity inside the square root symbol. For positive 
values it is helpful to check another possibility 
(condition 2) to see if the number is the exact 
square of a number. In this case the easiest sol- 
ution can be obtained by factoring the original 
equation. If it is not the square of a number, 
the roots or solutions of thi equation will con- 
tain radical signs and the exact values of the 
solution can only be approximated. Rules 1 and 2 
cover the possibilities discussed so far. Rule 3 
provides a special circumstance for the situation 
when the value of the discriminant is zero, and 
this situation yields two equal roots, which can 
be found easily by the factoring method. When the 
discriminant is negative, the resulting roots are 
imaginary and can only be found by using the form- 
ula. The first condition listed in the first row 
across the table is an example of the extended en- 
try form of entries. Any suitable expression or 
words may be used to specify what is needed. The 
second condition uses the Yes - No type entries of 
the limited entry form. These are easily expressed 
in the computer program as a 1 or 0. Since for 
Rules 3 and 4 the answer to condition 2 does not 
affect them, no entry is made in the correspond- 
ing columns. The required action for each rule is 
indicated by the entry X to specify what action 
should be performed. 

As an aid to teachers who would plan to use de- 
cision tables in connection with their educational 
program development, the following steps are 
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listed for decision table preparation. 

1. Identify the problem to be studied. 

2. Obtain or develop a statenient of the pro- 
cess or procedure that describes the tech- 
nique. 

3. Pick out from this statement the conditions 
that must be met and place them in the condi- 
tion stub. 

4. Pick out from this statement all the actions 
that must be taken and place them in the 
action stub. 

5. Develop the rules that prescribe the actions 
required for each possible combination of 
conditions. This information is specified 
in the entry portion of the table. 

6. Check to determine that the table is com- 
plete and the rules are not contradictory. 

Several coimients are appropriate in connection 
with this development process. For some appli- 
cations there may be no written set of procedures 
that give an indication of what should be done. 
This deficiency may be corrected by interviewing 
the people involved in the activity to develop the 
needed written procedure. Once the statement has 
been prepared all the conditions and actions that 
are contained in the procedure can be selected and 
listed in the stub portion of the decision table. 
Setting up the relationship of the conditions and 
actions through the rules will follow the concept 
of: if this set of conditions holds, then these 
are the actions to be taken. The final step of 
checking the accuracy of the table can be handled 
oy some computer programs that will expand the 
tdbJe to its maximum size for a fixed number of 
rules, then reduce the rules to eliminate all re- 
dundancies. In the development of the table the 
teacher may find that it is getting too large. If 
this is the case, sections of the process can be 
placed in separate tables and the tables can be 
linked through an action statement at the appro- 
priate point. This technique helps to keep the 
tables at a manageable level. 

Computer processors for decision tables have 
been available for some time. In recent years 
where there has been any activity at all with de- 
cision tables, the emphasis has been to shift the 
processing activity from the batch-controlled en- 
vironment to one that can be handled through input 
at a terminal. The programs that will not only 
check the accuracy of the table and execute it, 
will also permit entry of the table information 
through the terminal and guide the preparation of 
the table itself. The biggest problem that the 
computer programmer faces is the integration of 
decision tables with the procedures that have 
been coded in a programming language. The lan- 
guage of implementation of the decision table 
processor may be different from that used for 
other parts of the computer instructional program. 
The problem may be corrected by letting the oper- 
ating system control the change between languages 
or by writing both parts in the same computer 
language. 

Due to the varied makeup of different computers, 
a computer program will not run on two computers 
with different internal characteristics. Even 
though processors exist r'or conmon computer tech- 
niques, the translation of material on one com- 
puter to a second computer depends either on a 
translation program to allow the computer to per- 
form the change or on processors on different 



computers that can handle common input, such as a 
decision table. The exchange of nformation be- 
twee» computers cannot be accomplished without the 
specific computer programs and processors. By 
using the decision table processors that are cur- 
rently available on different computers, the pro- 
cess of transferring instructional material or 
computer data in decision table format from one 
computer to another can be considerably simplified 
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Some of you may re'-.all the experience of the 
young sociology graduate who traveled to Egypt 
to study the changing status of the wife In 
Egyptian fanlly life.. One status symbol was 
particularly significant, that of having the 
wife walk behind the <Mmel while the husband 
rode. 

The sociologist dlsoussed this trait with 
many of the men and suggested that the woman *s 
role was moro Important and should be recognized. 

Not long after these discussions she was 
watching one large group making their way into 
the desert and noted that all the wot.'ien were 
walking In front. Feeling she had stimulated 
a significant change In the culture of this 
tribe iihe asked one leader, "Don't you feol 
that this recognition of women Is deserved?*' 

".No," he replied. 

"Well why are you h.ivlnn the women walk in 
front?" 

"Land mines," he replied. 

My recent experience has shown that managers 
of educational computer centers arc facing a 
similar transition - from a traditional role 
of supplying generally standard administrative 
needs to the educational user to a new era - 
that of managing Instructional software and 
other multi-media. This new area which I, 
and many other students; of thlR new area, call 
"electronic publishing" Is loaded with land 
mines. 

For the purpose of our discussion today 
electronic publishing is defined as "the 
delivery of instructional material through 
electronic devices In .1 format familiar to 
student and faculty". As In any new tech- 
nology this nomenclature may change. Other 
identities currently suggested are "coursework" 
and "academic computing." 

Because most of these new materials also 
integrate other new electronic technologies « 
I feel "electronic pub)ishing" is a more • 
accurate descriptor. 

Since I feel the coipputer will be a common 



denominator to most electronic publishing * 
techniques in education, I think it Is important 
to summarize the history of the use of the 
computer in instruction. 

HISTORY 

While tomputers were used in many university 
courses as early as the late 1950s and 1960s, 
the emphasis at that time was teaching about 
the computer, i.e., programming languages; ^ 
configurations and some limited applications. 
Introduction of the use of the computer in 
courses such as accounting, engineering and 
mathematics soon followed since the computer 
was establishing itself as an economical and 
useful tool in these functions. 

However, the concept of e::tending the use of 
the computer directly to the classroom for on- 
demand, conversational, interactive usage was 
a product on the 196A-1966 era. Led by the 
National Science Foundation project at Dartmouth 
College and Project MAC at MIT, awareness of 
computer power, ease of use; and some limited 
programs in classroom teaching began to spread. 
As in most other pioneer developments a small 
group of people, who believed in the future of 
this new-found teaching device. Invested not 
only unlimited hours but millions of dollars in 
extending this utility concept to the educational 
field. 

These developments took many forms. 

(a) Computer service companies installed 
communication networks to facilitate 
educational institutions "dialing in" 
to a computer; 

(b) Hardware vendors introduced computers 
designed specifically for "time-sharing"; 

(c) Easy to learn computer languages such as 
BASIC; FOCAL; TELCOMP; QUIKTRAN; and 
many others emerged with strong arguments 
for the value of each; 

(d) Portable terminals were developed; and 
finally 

(e) Various funding sources such as the National 
Science Foundation provided grants to 
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evaluate and pros)OCe this new cool.* 



(d) Computer literacy; 



Competition to deliver services and equip- 
nent to this market was very intense for such a 
fledgling area. In the period fron 1968 to 1970 
a typical high school or college in New Jersey, 
for example, could have acquired "on-line'* com- 
puter power fron at least ten different sources. 
Competition, on the other hand, was very geo- 
graphically concentrated in the Northeast; 
California and in some random areas where 
instructional computer pioneers set up camp to 
offer their wares. Many areas of the country 
had no resources available. 

It is important to recognize that during this 
period since the early 196Qs, of course, computer 
usage for educational administration programs 
continues* In some districts these administra- 
tive computers arc also used for orienting 
students in a business or technical programming 
language such as COBOL or FORTRAN and some 
faculty members have their students writing 
programs for a course in business or math* 
At the same time very thorough curriculums 
have been developed for students bound for a 
career in the computer field* In these uses 
the student usually brings his program to the 
computer center on some predetermined schedule* 

It is impossible to fullv document the 
fascinating and rapidly changing history of 
educational time-sharing » but there are many 
fine articles and texts describing this history 
in detail* 

The concentration of this paper, however, 
is directed at the role of the computer in 
the instructional process as it applies to 
basic disciplines siic)t as mathematics, science, 
lAAguaKC, aris, social science and business. 

NE ED FOR C US SROOM MATKRIALS 

Ct^nspicuous by its absence during the growth 
of time-sharing In the rinssroom was the 
availability of supportive text materials - 
particularly student and teacher manuals; 
curriculum objectives; and test programs.. 
Studies by the Conference Board of the 
Mathematical Sciences (D and HumRRO (2) 
have highlighted not only the lack of such 
material, but emphasized that its continual 
absence w^uld inhibit :m efficient or 
educationally sound use of the computer in 
the classroom. On the other hand, the 
emergence of these materials will stimulate 
the growth of the computer in instruction far 
beyond expectation. 

It is important to examine at this point a 
framework of how the ':omputer is used in 
instruction today (see Exhibit A). I have ■ 
grouped this usage into five major headings: 

(a) Computer managed instruction; 

(b) Data base retrieval; 

(c) Computer assisted instruction;' 



(e; Multi-media management; 
l^t me define my categories: 

(a) Computer Managed Instruction : This category 
includes those areas of instruction which 
use the computer in a more traditional 
format by keeping track of student progress; 
scoring student responses and branching to 

a prescribed lesson; comparing class and 
school building performance; and other 
record keeping and report generating 
duties usually required of the classroom 
teacher. The computer does not teach the 
student by showing the correct answer; 
proper formula; correct spelling, etc* 
Examples of computer managed instruction 
are shown in Exhibits B and C* 

(b) Data Base Retrieval : This area of com- 
puter usage is designed to provide the 
student or teacher with a vast array of 
information which can be searched through 
key words or number coded characteristics* 
One area, for example, would be to provide 
the student doing research on a famous 
author with all of the references available 
in the school library; another to provide 

a teacher with all of the films in the 
school media center which discusses a 
particular topic; another to provide the 
student and guidance counselor with all 
of the characteristics on post secondary 
education and occupational titles* This 
area will also experience further growth 
in the distribution of data bases pro- 
viding compatible reference data on certain 
tests by grade level; age; and other 
criteria necessary to measure school per- 
formance. A data base retrieval example 
is shown in Exhibit D. 

(c) Computer Assisted Instruction : This area 
utilizes the computer to react in a purely 
teaching mode to the students input. 
These programs can be constructed by the 
teacher to cover a particular part of the 
course such as Hewlett-Packard's Instruc- 
tional Dialogue Facility; or prewritten 

by an author in basic courses such as 
chemistry where most responses can be 
predicted. An example of this applica- 
tion is shown in Exhibit E. 

(d) Computer Literacy ; This area is well 
defined by the previously mentioned 
study done by the Committee on Computer 
Education of the Conference Board of the 
Mathematical Science. Their definition 
states that a computer literacy course 
should : 

'*(a) Give the student enough understanding 
about the way the computer works to 
allow him to understand what computers 
can and cannot do. Wherever possible, 
this should involve at least a minimum 
of direct interaction with a computer, 
primarily (at this level) through the 
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use -'f appropriately pre-prograisned 
application packages. 

(b) Include a wide sampling of the ways 
in which computers are used in our 
society, with non-nuacric as well as 
nuaierlc applications. The impact of 
these various uses on the individual 
should be nade clear. 

Cc) Introduce the notion of an algorithn, 
and its representation by flow charts; 
where tine allows and as equipment 
becomes available, discuss the manner 
in which algorithms are represented 
by programs and the way in which pro- 
grams are executed by machines". 

Many of the computer programs stored for 
instructional purposes today are designed 
to familiarize the student with how the 
computer may be used in a particular 
subject. These are model programs pro- 
viding the student with some basis to 
write his own. (See Exhibit F) 

(e) Multi-Media Management Index ; This 
application is relatively new, but 
growing quickly as new multi-media 
techniques cmcrge.^ In this case the 
computer "script" with the student can 
make reference to supporting "off-line" 
materials such as video lectures on the 
topic the student is having a problem 
with in his computer dialogue. These 
off-line devices can be cassettes, tilm 
strips, sound rcsponders, television 
sets or a combination of these elements. 
The computer terminal can be uc&igned 
to actually actuate these devices. 
These same devices may also be used 
to retain certain output data and re- 
played for the teacher who wants to 
scan the students interaction with the 
system. 

Lot me acknowledge at this point my five 
groupings and definitions represent my own 
experience and analysis. Tlie field we arc 
discussing today is moving so quickly that 
there had been little formal research or 
agreement on these areas. My purpose here 
is to provide one structure which hopefully 
is convenient for education computer center 
managers to use in planning for their own 
department and working with school faculty, 
administrators and school boards. 

THE EMERGENCE OF TE.XT MATERIALS 

Many factors have contributed to the establish 
ment of this in:portant area: 

(a) Some classioom teachers prepared materials 
on a local level for use within their 
school district maintaining the interest 
level of the computer in instruction^ 

(b) Two very significant projects funded by 
NSF - Huntington (I and II) and Project 
Solo not only "exported" their materials 



to Interested districts, but delivered a 
framework, or example, for other authors 
to follow. 

(c) Costs of instructional computing started 
to decline as volume production was 
introduced. 

(d) Tlie number of "computer literate" faculty 
at the secondary school has increased 
significantly, and sufficient access and 
time to develop programs has been made 
available in many school districts. 

(e) The number of new faculty who have been 
exposed to computing in the classroom 
not only in college, but in their high 
school days, i? increasing rapidl> . 

(f) The number of sound instructional pro- 
grams appearing in new areas such as 
chemistry and foreign languages has 
stimulated teachers to evaluate the use 
of these materials. 

(g) Finally, and perhaps the most important 
factor, educational publishers have re- 
cognized not only an opportunity in this 
expanding market, but find some pressure 
to defend their text adoptions by pro- 
viding computer related materials. 

The exact penetration of classroom computing 
at the K-12 level is a very difficult figure, 
but ve estimate that in the fall of 1974 over 
1,000 instructional computer systems were {pro- 
viding service at the K-12 level for approxi- 
mately 2,000 on-line access ports. These 
instructional computers range from providing 
one to over 60 simultaneous ports. In New 
Jersey, for example, we estimate that there 
are about 200 on-line ports used daily. 

MANAGING THE INNOVATIO.*^ 

As I look at this continuing maturity and 
growth of the computer in Instruction from my 
many visits and experiences over the past few 
years, one important element is of key concern. 
To insure economical and educationally sound 
growth there is a serious need for clearly 
defined authority and responsibility for its 
managetaent. As I stated at the beginning of 
this paper I think the educational computer 
center manager will emerge as- the individual 
whom most school districts will look to for 
this leadership and direction. 

Tliere are many reasons for this opinion: 

(a) Understanding of computer technology, 
particularly the interface of peripherals, 
will be a critical skill needed in this 
function. For example, new student 
terminals using voice response and home 
television arc being announced and field 
tested. 

(b) The traditional batch processing records 
management function is already using 
remote data collection devices and 
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printers. It Is a sr.all step to capture 
this data in the teaching process itself 
using mark sense readers; cassettes; or 
time sharing tenninals directly. 

(c) The managing function must be Independent 
of any one discipline to Insure equal 
sharing of the computer facility among 
buildings; grade levels; and subjects. 
Already many instructional computer 
facilities are dominated by usage for 
"college bound" curriculums. 

The important ingredient, the computer 
software, or oxof^xamt to support the 
Instructional program must be evaluated 
by computer personnel to assure its 
operation on their equipment.^ This 
decision cannot be left to faculty. 



(f) He must understand that if there is 
limited time for teacher training many 
misunderstandings will arise. 

(g) He should establish a continuing evaluating 
method of new programs through his own 
professional associations such as NAUCAL. 

Must of us here today are aware of the rate 
of change in our industry. It will be a major 
failure on our parts unless we can translate 
electronic publishing into useful purposes. 
In our case this purpose must be to enhance 
the teaching process by extending these 
techniques for better, faster and more econo- 
mical instructional methods. I think it will 
be your job to make it happen. 



(e) As more publishers and hardware vendors 
Introduce nev Products the school district 
must provide a clearinghouse as an 
evaluation procesi^ for the various sales 
forces calling o.i the school district. 

(f) School district budgets will require a 
broader management role for its current 
staff as it faces criticism of growing 
overhead ratios. This factor will make 
it difficult to have a separate manager 
for this area. 

(g) In those districis apparently succeeding 
in integrating electronic publishing 

the educational computer center manager 
has taken charge. In many cases he is 
stimulating orientation workshops in 
instructional computing entrenching 
his identity with this new area. 

In closing my co.maenLs I wuuld like lo 
describe some new objectives which the educa- 
tional computer center manager must meet to 
insure his .success in this new role: 

(a) He mui;t develop an acceptance by fellow 
faculty members that he understands the 
"realities" of the classroom - that 
Innovation Is not easy particularly 
with new, sophisticated hardware. 

(b) He must in.sure that electronic and 
computer terminology should be avoided 
In introducing new programs to the 
students and faculty. Make it simple 
and cle.-^r. 

(c) He i;hould insure that the faculty 
understands tl;e purpose of these 
devices is to eniiance the teaching 
process and not to replace it. 

(d) He must understand that not all faculty 
or students will utilize new technologies 
immediately. 

(e) He must insure thot decisions have been 
made and techniques installed to insure 
privacy of student and faculty informa- 
tion in these new cjys:ems. 



REFERENCES 

^^^ Recommendations Regarding Computers in 
High School Education; Conference Board 
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Avenue, N.W. ; Suite 934; Washington, D.C. 
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^2)Further information nay be obtained by 
writing to Dr. Robert Seldel; HumRRO; 300 
North Washington Street; Alexandria, 
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COMPUTER READINGS 



Edi')ard 0., Jos I in 



I have b':ibn a.>lcJ to bHefly disaus^i 
iione oj' rrzj exyeviencc^^ in preparing the 
ten books of readings I have compiled, I took 
that invitation to 'r,ean, describe the steps 
involved in compiling a book of readings. 
However y before 1 describe the %ou to" aspect, 
I feel I should sa-j sanethin.j about why I 
<^tarted doing books of readings in thp first 
place, 

'•^nat Purpose Is Served By Readings 

In some of thr oomputer cour.^es I was 
teaching in 196? arxl 10 68, I was assigning 
chapterc for the students to read and then I 
was lecturing to the students on the material 
fvom those same chapiers. This repetition, 
while ^f some educat ional value, tended to make 
those courses rather boring ani certainly was 
not making effective use of the students ' 
tirte nor efforts,^ 

To help broaden the courses and to 
introduce an element of currentness in then^ 
I began assigning outside articles for the 
students to read. This not only put a strain 
on the students ' tine and on the library 
facility, but also or. me as I constantly had 
to find new articles for then to review, 

Next, in ord&r to minimise the time 
being wasted by the students in searching 
out the assigned articles, and to spare the 
library all the problems associated with 
mczny stiidents seeding out the sarie articles 
at the same t-"no, I \u^ tcjpther a group of 
tWfmty or thirty pertinent articles and had 
then reproduced for the students' use. This 
rp^rod.iction jf tfi- ^''T ' ^l^^s over^am^ the 
i^tudents' ani librri:''y'ir froblems, but 
created n^,J ones fof me. The reproduction 
co<:t of h.if>nty or tki-ti articlei) for 
twenty or thirty tjtuj-'Kt;- ij^s considerable, 
in fact so considerable it wa.^ never 
repeated. AIjo it ms illegal. 

The prohilit-i'* j<K-t of reproducing the 
articles, caused me tj joncider compiling a 
book of computer r^^-'ad'ngs. I already had a 
good start on oompil^'\^: a s^t of readings, but 
huxving already go>ie through the very long and 
time-consuming process of having had a book 



publisned ( Computer Selection) J was rttluctant 
to go that route again. Especially , with a 
book of readings y which was necessitated in part 
by a need to present current information which 
was missing in the prime textbook y because theif 
^^ad to go through the long and time consuming 
publication process. Therefore, I started 
searching for a publisher who would talk in terms 
of a six month or less publication tune. 
Believe me there are few, Finallyy I got 
together with College ReadingSy fnc, (P. 0, Box 
2323 y Arlingtony Virginia 22202) y my current 
publisher y and that problem was solved. It now 
takes leC'S than three months from the time I 
submit the complete set of material until the 
finished text is printed and ready for distribu- 
tion , 

Having found a way around the long delays 
involved in most book publications y I once again 
started to concentrate on compiling that first 
book of readings - the steps of which I will be 
discussing in just a moment. 

But first, let me kip forward a few years 
ayid discuss some more of my own 'Sxpsr-r ence to 
shcu additional reasons why som&one may be 
interested in using a book of computer readings,. 
The year is now 1969, I had already compiled 
my first two books of readings ( An Introductio). 
to Computer Systems and Managem.ent and 
Computer Systems) and I was noio asked to teach 
a programming course, I was appalled by what 
I found. The programming course that I was to 
teach was the only softrjore course being given 
the students. The course was designed to teach 
the students how to progrnm. a given machine, 
ayid thus tc give tham a familiarity with program^ 
ming conseprs. But in no way did it even beg-'n 
to make the students aware of the bigger y more 
important, world of computer software, i,e,, 
compiler.-, , operating systems^ application pro- 
grams, etc. Therefore, I started compiling a 
book on Software for Computer Smtems , That 
text is an example of a book which was compiled 
to serve a very different purpose than the 
assigned textbook - namely to go into areas not 
even intended to be covered by the prime text. 
But yet it wae a supplement to the prime text. 

Another example of the compilation and use 
of a book of readings, is illustrated by my text 

? /* 
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Amlusisy Veciin and Stlejtion of Comvutev 
Sijstens , This text was designed in part to 
serve as a veplaaenent for rmj Conputer 
Selection book, vathev than go through the time 
consuming process of reji,iing it, I rewrote 
sone cfiapterC' of that text as articles an^i, 
along uith other articles, put them into mj 
ccrrpilation ok the cub^rct. Thus, thit com- 
pilation is being uct'd in many courses as the 
only text - if thr {^phasis is on selection. 
In this case the compilation is the only text 
available on the subject. The vehicle of a 
book of readings jas ucp^ rather than a noi^al 
authored text because It could be published 
much more quickVj. 

Thusj fror my cvn experience, I have 
attempted to shou three uses of books of readings: 
I) to supplement and bring currentness to an 
existing course; 2) to broaden (by bringing a 
full new area of covera^ • as in the sofUoare 
case); and 2) to use as a prime text in areas 
not c^'»'rfd, or not ?ovr2*rd ac well, by other 
texts . 

Having nc?w c^ccn 'io"> and why compilations 
might be us^.d, Ipt m*: return to telling you some- 
thing of what is involv^jd in compiling a book of 
readings. 

Steps In Compiling A Readings Book 

First, if you arp '^cr-piling the book as a 
means of making a small fortune, forget it, 
T^ke up collecting er-pty coda bottles or picking 
gripes, jou will stand i better chance of making 
your fortune . 

Jecond, now that yju io not need to worry 
at'out shxring jour fcrr.me, seek out a co-compjiler . 
You will need hi"" (or her) to broaden your 
scope and to sha2*c the jork.^ 

Third, determine th^ needc for the ^oook 
you have in mind. In ^y cire, since I Was into 
reading.^ buoks alre.zdy, I did my doctorial 
di'^sertation of "Comruti.r education: College 
Offerings an^i Industry Pe juirements". In so 
ioing I surveyed more t'\in 2000 college,! and 
universities to determi>ie what data processing 
courses they were offering. I also smn)eyed 
mor'-'^ than 1600 companies to determine what they 
were seeking in the 'Ary of data processing 
education, ^ rc^'Ult of those surveus an 
interesting fact dovelopr i. Industry was very 
interested in having its prospective employees 
familiar with various aprli cations of computer 
systems, hut the coll-^g^r were not offering 
many courses which d' i that. One of the reasons 
the course ^Wf^o yiot t-'ing of fere I by the colleges 
was that there was no Sidtable text. ^Jeedless 
to Sly, I attemi'te I to ca*^e care of that 
situation with a text entitled. Applications 
of Comvuter Jy stems . That text was compiled 
as a supplemental text for use in an intro- 
ductory course. 

Fourth s a deter^"i*,it' :n needs to be made 
IS to the intended u.*-' ^'f the t^xt. Is it 
primarily inten<ied as a supplemental text or as 
a primca*y text? 



Fifth, some attempt must be made to determine 
the market potential for the text. You may feel 
there is a crying need for a text on "Data 
Security", But if the book were prepared as a 
textbook, would there be sufficient demand to 
warrant its publication. 

Sixth, outline the subject ar^as that should 
be covered. One thing to remember in any such 
outline, is to make it broader than your own needs 
wouUI dictate, ^iot everybody will see the needs 
as you do, some areas you may consider trivial 
will be sought by others, while they are skipping 
areas you consider critical, A book, particularly 
a book of readings, needs to be broad in coverage. 

Seventh, seek out a publisher, I recommend 
College Readings Inc, who specializes in readifigs 
books, but there are others. Check to see how 
long it will take to publish the book once you 
supply all the materials. 

Eighth, start selecting articles that cover 
the subject areas you want covered. In my 
selection of articles I stress "curreyitfiess'* right 
along with "content". If the article is not 
current, but it has good content, I have a tend- 
ency to assume that its content will be picked 
up in some recently authored text, an.i therefore 
I will continue seai^ching for current articles 
with good content,^ 

V inth, search out some of the less common 
publications . 

Tenth, stai-'t preparing, or having prepared, 
seme special articles for the areas you want 
covered, but for which you could not find any 
good or current articles. The more specialized 
your subject areas, the more likelu you'll have 
to author some of the articles. These authored 
articles tend to take a long time to produce 
and clean up. 

Fleventh, start oltaining peimssion to use 
the articles you have selected, and do not count 
o>i any article Witil you have secured the neces- 
sar^i pei'^ission to use it. Permission will 
f-'^enurntly be denied because the author is using 
the material in a bocf^ he is preparing himself, 
Sometimes the publisher or author will ask a 
fee so o itrageous that you can not afford to use 
the article. (I have had several rdmests for 
CCOO.OO to C100.\00 per article - and I use from 
forty to fifty articles per book,) 

Twelfth, yiow at a point in time much later 
than you ever believed pc^siblc (it takes a long 
t'me to write, or have written, articles and a 
h^ng tim^e for some permissions to come through, 
e.'^pec'ally when you have to trad' down some of 
the authors), take the articles for which you 
liave received permissions an^i the articles you 
wrote, or had written, a>ii see what Hnd of book 
you are ending up with. 

Thirteenth, if the restructure I book is still 
worth publishirig, deliver it and the pert^issions 
to usr all t'V articles to thp publirher. 



youi^teenVif strt'^.i-^j to r'eview the pajc 
p}*oof$ of t\e text an I use thon to prepare an 
index for the hoo*^\ 

Fifteenth, uh\ iA*t>lication of the text, 
iv }iunhte in acrcz^tiivj araj priloe >jou 

rrkiif :*e-*^'ive /c?r kavii^ compiled a boor' 
t^eadinjii. It is ncc^i^sary to maintaifi the 
humble attitude becaise in thf majority r>f 
the ^a&es in which you received the pvaio^, 
the next sentence will probably be "But ohy 
did you, or did yoi4 r^t, include the articles: 

avd if that does not rrake you feet 

hunble. Just vait until you receive your first 
"Congratulations" follcQed by a "But then it 
ic OK hf ci compilation of other people's work". 



Boohs ^."yfipf'led by J on I in foi* Collei^e Readirv^s In.*, 

An Introduction to Conmuter Sustens, 196$, 19? P. 
and 19? 

yanajemcfit and ^'onputpr System.^, 1970 and 19?Z, 

Software for Computer Systems, 19?0, 

Analysis, Design and Sele^ition of Computer Systems 
I9?l and 19?4. 

Applications of Computer Systems, 19? 4, 

Computer Readings for Making It Cou>it, 19?4, 
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USE OF COMPUTERS FOR INSTRUCTION 
IN THF PHILADELPHIA SCHOOLS 

SYL"IA CHARP, DIRECTOR 
SCHOOL DISTRICT OF PHILADELPHIA 



PANELISTS: 

Sylvia Charp, School District of Philadelphia 
Henry Altschuler, School District of Philadelphia 
Richard D*0ra7.io, School District of Philadelphia 

The School District has been involved with the use of computers for instruction 
for the past ten years. Many programs have been initiated during the period. These 
programs cover the areas of computer-assisted, computer-managed instruction, and pro- 
blem-solving. The panelists will discuss their experiences and offer suggestions to 
other schools considering use of the computer. 




OTIS: Information System for Oref»on Educators; 

Instructional Computing for Oregon Students 

Jill Van*t Roer 
Oregon Total Information System 



In the mli:I->l<:Jes Or-^p.cn had no large and com- 
prehensive educatloral data processing system. In 
1966 a government planning grant Initiated the pro- 
ject which was t^ become Oregon Total Information 
System; In May, 1968, OTIS began providing data 
processing «prvlccs from Its central local lou in 
Eugene, Oregon, prli?arily to schools In the sur- 
rounding county (l.anc). 

Today OTIS has become a successful, completely 
user funded cooperative of school districts ad- 
ministered by the Lane County Intermediate Edu- 
cation District (I*^D). The Lane IF.D Superinten- 
dent is Dr. Will Ian C. Jones; OTIS' Director is 
Robert L. Dusenberrv. OTIS serves disparate £Ch<»ol 
systems (elemontnrv, .ccondary, some community 
colleges) and educational agencies throughout 
Oregon with administrative and Instruct iooal ser- 
vices. 

Otis* systems are designed for its users; Its 
services are utilized efficiently and creatively 
by school personnel, using terminals at their 
o'^ buildings, without the necessity of any more 
data processing knowledge than that which they 
can get from manuals supplied by OTIS. Clerks 
and business officers input and update informa- 
tion to their files In the financial accounting, 
payroll, personnel and inventory systems, and 
reports are generated froi? their input. Students 
are enrolled, graded, and scheduled by OTIS; 
attendance reports are run from terminal input, 
and inquiry capabilities make the information in 
individual files always Immediately available. 
OTIS* on-line Query Svstem allows the user to 
create his own reports: using a Query manual of 
statements he can search flies and extract per- 
tinent facts and so idapt reports to conform to 
his specifications. Students can learn BASIC, a 
programming language, write their own programs, 
store them and rerun them as often as they wish. 
Instructional media center personnel can use a 
terminal transaction to book materials, and the 
booking is Immediately confirmed for the re- 
quested date, or if it is not available, the 
user is informed of the next date it will be. 

Through the teleprocessing network schools can 
access the IBM S/360 model 50 with Ampex aad-on 
fast core, which liolJs administrative services 
files, or the two Hewlett-Packard 2000F computeis 
used for instructional services, and can be 
switched from one machine to another by the 



GTh I SI 101.* The General Education Management 
System (GEMS), an OTIS software system, is a 
system of Integrated data files with two sets of 
control tables and a set of generalized processing 
pro)?rans. GEMS makes it possible for each user to 
define and maintain only the <lata storage and pro- 
cessing that he requires and to change hib defini- 
tions as his needs for information change. 



OTIS SKRVICES - Administrative 

Have OT^S' services grown and become increasingly 
sophisticated because increasing user needs have 
made it necessarv, or has usage of the system 
grown because new and more comprehensive services 
have become available? An unanswerable question. 
Perhaps OTIS' success is due to the great need 
recognized by Oregon school personnel for a large 
data processing system, or perhaps OTIS* success 
la due in large part to its creative staff members, 
who have developed original software and many modi- 
fications ro (rxisting software during the establish- 
ment and expansion of OTIS* many services. 

The emphasis of OTIS* first year of operation 
(1968-69) was on Student Services . Some software 
had been developed by Lane Intermediate Education 
District personnel, some from vendors. Tlie three 
main working systems were testing, enrollment, and 
mark reporting. The attendance system, totally 
developed at OTIS, was in its formative stages, 
and the completed system was debugged and usable 
by 1971. 

Educational Coordinates' (ZC) scheduling system 
and the Student Scheduling System (3S) are both 
used at OTIS. In 1968 OTIS gathered data and sent 
It to EC for input; in 1969 OTIS acquired EC's 
library of software and could do all t!)e scheduling 
In-house. A loader program from IBM started the 
3S system, which has been modified extensively. 
OTIS staff developed an arena scheduling system 
which was implemented in 1971. As scheduling needs 
have changed so have systems. In the last five 
years there has been a dramatic move avay from 
structured, standard scheduling, and OTIS has modi- 
fied its systems to allow for a large variance in 
scheduling applications. 



*See Computerworld , July 31, 1974, pages S11-S12, 
for a more complete discussion on OTIS software 
modifications to the GTE ISllOl. 
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By the end of 1972 the Student Services system 
was functional and completely implemented. The 
systems have since evolved to allow great flexi- 
bility in types of output. Student body roster*; 
or mailing labels, for example, can be printed 
alpha by grade, by teacher, by sex, etc. I.ahf»ls 
for tenth grade boys or a list of ninth grade 
members of the band can be generated easily. 

The Query System has beer, under development since 
the fall of 1968. The original system, conceived 
by an IBM analyst, was slow and inflexible, with 
little choice in sort order. Priority was given 
to increasing the speed of the system, finding 
means of developing the most useable sorted out- 
put, and allowing the user to specify what sort 
order he wished. As data becomes large, the sort 
order is more important; a non-alphabetical list 
of all boys in a 1000 student school would have 
been unwieldy and probably unusable. This year, 
1974-75, the Query System is dependable, efficient, 
and is on-line. The user can enter his query via 
terminal and will get tiis report back on the ter- 
minal the same day, sone times almost immediately. 

A new system at OTIS i a automated record keeping 
system developed to accomodate Oregon *s high school 
graduation requirements. The State Department of 
Education has directed that certain requirements 
be met by students in Oregon schools; In order 
to graduate from high school a student must prove 
minimum survival level competencies in three gen- 
eral areas - personal vlevelopment, social respon- 
sibility and vocational education.^ "Minimum sur- 
vival level competencies" have been described by 
an Oregon educator as "what you have to know in 
order not to be taken too badly or too often." 
Since each district develops and evaluates its 
own competency levels, the record keeping system 
has had to be extremely flexible to allow for 
large individual user needs. The system offers 
individual district options on definitions of com- 
petencies, multiple-check status of competencies, 
types of input, and types of reports. This year 
three districts of varying sizes and problems are 
piloting the system. 



Business Services provided access to a payroll and 
a fiscal system its first year (1968), and to an 
inventory system, which was used by only four dis- 
tricts. 

Payroll information was input by batch processing 
at the computer center (now it is completely on- 
line; i.e., district clerks input all the infor- 
mation needed from their own terminals], and pro- 
cessing of both payroll and fiscal report runs 
was set up on demand rather than on a schedule. 
Processing was slow, and OTIS staff members spent 
many extra hours keeping the system running smooth- 
ly. In the 1974-75 school year 56 districts use 
the system, and nightly processing runs are sched- 
uled. In 1969, on occasion, one job could take 
fourteen hours. Now tie total run (processing for 
56 districts) will take 1/2 to 1 1/2 hours to 
process. 

The Business Services systems have been completely 
designed by OTIS staff members in conjunction with 
users. This year services include fiscal, payroll. 



personnel, inventory and cafeteria inventory account- 
ing systems* which produce over 50 different kinds 
of reports. Query capabilities are also available. 

The newest application Is the processing systeb 
developed to accomodate Handbook II (revised), an 
accounting system established by the federal govern- 
ment for school districts. All schools must use 
the new system by the 1976-77 school year, and the 
OTIS system is now 90Z complete. 

In 1972-73 a pilot district used the Handbook II 
(revised) accounting system, and with modifications 
OTIS* processing system is now used in seven dis- 
tricts, with thirty expected on in 1975-76. All 
OTIS Business Services user districts will be ready 
to use Handbook II (revised) in 1976-77. 



OTIS SERVICES - Instructional 

In 1969 OTIS instituted an instructional computing 
system called RAX (Remote Access Computing System). 
Users could access it for only two hours, on Tues- 
day and Thursday, Irom 5-7 p.m., when teleprocessing 
was down, because it needed to take over the whole 
IBM 360 system to work. Few terminals used the 
system, and it was not very successful in terms of 
convenience, so in 1971 ITF (Interactive Terminal 
Facility) was begun. It could be run during the 
day and offered problem solving and a method of 
teaching programming to students. However, the 
ITF system caused problems: It often interfered 
with teleprocessing and brought the system down, 
and the turnaround time was extremely slow. There 
were few canned programs available, and users found 
the system too limited and undependable. 

In 1972 OTIS acquired an HP 2000F computer for in- 
structional use, and a GTE ISllOl to provide inter- 
face between the IBM system and the HP. Thus ad- 
ministrative services users can also use the in 
structional system from the same terminal. The 
system has 32 ports available for use 24 hours per 
day, and users pay $3.00 per terminal hour for its 
use. This fall OTIS has acquired another HP 2000F 
with option 205 to accomodate increased instruc- 
tional use. OTIS* instructional computing system 
serves 42 districts, who used approximately 30,000 
terminal hours last year. 

Instructional Services currently available include 
the Computer Related Instruction System (CRIS), the 
Occupational Information Access System (OIAS) and 
the OTIS Automated Library System (OALS). CRIS and 
OIAS use the Hewlett-Packards, OALS uses the ISM 
GEMS system. 

OALS * booking and scheduling system, a service con- 
tracted by the Lane lED - Instructional Media Cen- 
ter (IMC), and available to Lane County teachers, 
students and librarians, schedules over 12,000 dis- 
crete print and non-print items for use in schools. 
The system is on-line and produces operation and 
usage reports as needed. 

The non-print evaluation system is also used in 
Lane County. Teachers preview and code evaluations 
of IMC materials in areas of their specialty, and 
evaluation reports are available for the lED to use 
in the decision-making process concerning acquisi- 
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ttons. A report can be sent to schools which lists 
items rccotsmended as useful in different areas, as 
well as those dcened not useful. Pricing figures 
and vendors* names are I'sted. 

The hook catalog svsten:, used hy several county 
lED's, manipulates inpiit of bibliographic data, 
subject headings, annotatlve information and call 
numbers to make bool. catalogs, replacing much of 
the lahor of manual card catalog systems. 

Literature searches of current educational reports, 
monographs and journal entries, called KRIC 
searches, are availahlo to users through tlie OAI.S 
system. OTIS processes nearly 100 searches each 
month . 



CRIS provides instructional computing for all areas 
of a school's curriculum^ CRIS users access over 
400 canned programs, such as drill and practice in 
math, reading and language arts, simulations and 
games. The system offers problem solving in BASIC 
for students to learn programming. Computer as- 
sisted instruction (CAI) in reading, natliematics 
and language arts ozi the elementary level is being 
piloted this year at Blossum Culch Klementary 
School in Coos Bay and plans are underway for a 
program at Chemawa Indian School. 

Software from the Computer Curriculum Corporation 
(CCC) is used for CAI at the elementary school. 
Eight terminals at Blossum Gulcli are connected to 
OTIS, and a reading project began this fall. 100 
students per day use the system. 

CAI is an "exchange of information between com- 
puter and student" according to CCC literature.. 
It is aimed at students with a low level of per- 
formance; the curriculum for each student "vill 
be at a level appropriate to his achievement in 
each learning area" so each student has the op- 
portunity to learn at his own level and his ovm 
±>peed. The program provides remedial assistance 
in the form of progressive drill and practice. 

There are advantages to this type of reading and 
language arts program for remedial students. 
There Is no discipline involved, no teacher dis- 
approval, no necessity to perform for otliers, and 
wrong answers won*t hurt. The student will have 
nothing to lose, and It might even be fun. 

(hemawa Indian School, an alternative school ad- 
ministered under the Bureau of Indian Affairs, is 
planning a large program in computer assisted 
instruction in reading and language arts to begin 
March 1975.. Chemawa Is an of f -rese rvat ion boarding 
school for dropouts and students expelled from 
other schools, located in Salem, Oregon, with 
students from Oregon, Waslilngton, Idaho and Alaska. 
Counseling and vocational training are emphasized, 
and students are given a chance to acquire skills 
they have missed in the formal educational en- 
vironment. 

Chemawa students have not performed well in 
reading and language arts examinations; according 
to Chemawa administration, causes for this include 
lack of time for sufficient individualized instruc- 
tion and low student motivation caused by past 



educational experiences. CAI will <jive individual 
drill every day, and will he an entirely different 
educational experience for the students. The pro- 
ject win involve the use of 32 terminals, another 
HP 2000r at OTir>, and students will use CAI during 
the day and evening. 

01 AS is a computerized vocational counseling pro- 
gram. Through a questionnaire a student answers 
questions and states preferences, then possible 
occupations are presented which correspond to the 
personality profile suggested by the questionnaire 
results.. Detailed information on each occupation 
is produced upon demand. One can ask for a job 
abstract, which describes job duties, working con- 
ditions, salary range, turnover rates, qualifica- 
tions for the job, employment prospects and other 
pertinent facts. Qualitative information is inclu- 
ded in this job abstract; for example, the job des- 
cription for college teacher states that one must 
have the ability to work with abstract concepts, 
have self-discipline and good judgment. 

Through the INFO files one can also get a biblio- 
graphy of occupational books, find out how people 
prepare for the occupation, get a list of courses, 
degrees and schools for an education or training 
program, compare the services and costs of schools 
and get the names of people for personal discussion 
about the occupations. 

The vocational counseling program is jointly admin- 
istered by OTIS and the Career Information System, 
an interagency consortium providing vocational in- 
formation, located at the University of Oregon. 

OIAS use is expanding. The Oregon State Correc- 
tional Institution and Oregon State Penitentiary 
noc offer the system for their inmates, l.ane County 
data processing personnel are currently working on 
software to accomodate OIAS on their network. The 
county organization plans to be able to switcli on 
to the vocational counseling s>stem and use it for 
jails and social service agencies. 



OTIS has grown and changed considerably since 1968. 
Its charges have lowered from $8.80 per student for 
complete administrative services to $7.00. The 
student base of user districts and educational 
agencies has raised from 65,000 to 150,000, from 
28 school districts to 72. OTIS is financially 
stable and operationally sophisticated, and its 
^Qj:vices become constantly more varied and complex. 

To offer complex services, one must balance them 
with a sophisticated data base - an education pro- 
cess is continually necessary to train new district 
or school employees and explain new services, so 
they can be efficiently and productively used. To 
facilitate this balance OTIS has a knowledgeable 
field service staff and a system of data processing 
coordinators. 

Cooperation and communication between users and OTIS 
are important, to keep misunderstandings down and 
user operations running smoothly. The data pro- 
cessing coordinators work as liaison between dis- 
tricts and OTIS. Each district*s coordinator 
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assises in training cf users and comnunication of 
district cesites and needs. Coordinators meet 
periodically to discuss problems, new services 
and procedure* 

OTIS* field service taff, each person an expert 
in a specific service and with a general 'working 
knowledge of all ser\ ices, is a direct communica- 
tion line between user and OTIS. When a school 
comes on the OTIS data processing system a repre- 
sentative of each service area shows him how and 
why the system works. When districts need help, 
or hire new personnel, field service staff people 
are ready to snjooth the way. 

Users from fourteen tounties in Oregon are sei'ved 
by OTIS through over 200 terminals. Representatives 
from county and district educational organizations 
throughout the state make up OTIS' Advisory Com- 
mittee, which is co.isulted on important policy 
matters and system development. 

In terms of upgrading quality and furthering 
equality of education, OTIS' impact on Oregon 
school systems has been great. Clerical duties 
are minimized at school and district level; edu- 
cators have more time for students « and students 
have access to instructional computing systems. 
A district with 200 students can get the same 
types of reports and information as a large dis- 
trict, with more students and a xarger tax base. 
Only a few districts could afforU t^ provide the 
services OTIS can pro/ide; through \,i on-line 
teleprocessing systen all school districts have 
an equal opportunity ro avail themselves of data 
processing and instructional services. 



0TI3JURDWARE 

Computers 

1 IBM S/360 model 30 with Ampex add-on fast core 

1 GTE ISllOl Conjputer 

2 2000F Hewlett-Packard Computers 

» 0 

Input/Output Devices 

A 2400 Series Magnetic Tape Units 

2 231^ Direct Access Storage Facilities 
1 2321 Data Cell Drive, Model 1 

1 25A0 Card Read Punch 
1 1A03 Printer, Model Nl 

3 Double Density Disk Drives 



Jill Van't Roer 

Oregon Total Infonsation System 
35^ East AOth 
Eugene, Oregon 97A05 
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DEIC 

NEW JERSEY'S SYSTEil FOR BlUIvGiriG 
DATA ELL'IEHTS AND ITOIS uriDLR CONTROL 

Dr. R. Kay J^aloney 
Graduate School of Library Service 
Rutqers University 



Tiie liQ'.t Jersey State Oepartnont of Education 
(SDl) Jms a problen a data control problem . In 
18G2, reports from Town Superintendents to the 
State Superintendent of Public Instruction in fiev/ 
Jersey contained only 26 items. In 1973, an in- 
ventory of the data items collected by SDE reveal- 
ed tnat tiie total was in the neignboriiood of 26,000 
itei.is, an average increase of v/ell over 2,000 new 
items per decade. If SDE files were to record in- 
fonnation from tne 600 scnool districts and 2,400 
scnools in tne state and if this data were retain- 
ed for a minimum of three years, the volume of 
data stored would be over 15,000,000 items from 
sc.iool districts and 60,000,000 from local scnool s, 
for a total of more tnan 75,000,000 items per year 

just under a quarter of a billion data items 
for tiie tiiree-year period. Furthermore, tnese fiq- 
ures apply only to data collected from the elemen- 
tary and secondary scliools in Mew Jersey. 

The New Jersey State Department of Education 
has a second problem a legislative problem . 
Durinq the first half of calendar 1974, SDE was 
asked to coiT^Tient on nore than 100 pieces of pro- 
posed legislation; it was also asked to submit es- 
tifrates of v/hat the legislation v/ould cost if enac- 
ted for at least two succeeding years. Since 
legislation is proposed by persons from many back- 
grounUs, the bills frequently use viords and defi- 
nitions that would not be considered standard ter- 
minology by educators. However, if a bill becomes 
law, tiie words or terms tnerein must be used as 
stipulated, regardless of whetljer educators accept 
the terminology as standard in their field. 

The impact of these tv/o problem areas on data 
collection, processing, and retrieval is enormous. 
On tiie one nand, v/e i^ust dedl with storage and 
conf^o^ of vast files of statistical data. On the 
otijer hand, tne data store must be accessible to 
educators and legislators alike throug.i terminol- 
ogy tnat coMiiiun Kates tne same meaning to both 
groups of users. It is rather obvious that a sys- 
tem for control of educational data is necessary 
to resolve these problems. 

Whenever large files of information must be 
stored and n^anipulated it is reasonable to examine 
tne potential of computer technology to create the 
files and to access tne information. SDf has ac- 
cess to a state-wide computer netv/ork that can be 
used to maintain a central file of educational 
data. Furthermore, a 1973 survey of New Jersey's 



600 public school districts sho\/S that 208 dis- 
tricts, servino nearly 70 percent of the total 
school population in the state, use some form of 
automatic data processing equipment to process 
their records. Mell over half of these districts 
own or lease their equionent.l 

It is apparent that local educational units 
are already using automatic data processing in an 
effort to cope with increased data reporting re- 
quirements. Unless SDE coordinates data control 
by providing a state-wide system, it is likely 
that independent local systems \/i 1 1 proliferate, 
without concern for compatibility with other sys- 
tems in operation in the state or nation. 

IJe have established that the New Jersey State 
Department of Education is responsible for collec- 
ting extensive data from New Jersey schools for 
use at both the federal and state levels. Since 
the collection of this data originates from a num- 
ber of departments within SDE, unless a specific 
effort is made either (1) to coordinate all data 
gathering through one office, or (2) for each de- 
partment to confer with every other one before 
data is collected, unnecessary duplication of in- 
formation and effort is inevitable. In addition, 
if no standardized terminology is available for 
use in collecting data, differing terminology be- 
tween forms an 1 differing interpretations of what 
information is to be recorded affect the consis- 
tency nnd therefore tlie reliability of data actu- 
ally collected. Not only is the validity of eval- 
uating or comparing such data called into question 
but the communication of information under such 
conditions is unreliable. 

It would not be sufficient for SDE's purposes 
nierely to "clean up" the data collecting process 
?nd its resultant data. It is equally important 
to improve and to expand the access to the data 
collected. At present, access to data gathered is 
limited pn-^iarily to those who collect it -- not 
because of a desire to restrict access to the in- 
formation, but because of the lack of a central 
System for storage anrl retrieval of the data. It 
IS esoecially difficult for those persons respon- 
sible for providing the data in the first place 



I ''laydos, Irvin A. Survey of New Jersey Publ ic 
School District*^ Using Data Processing Equipment- 
men t . Trenton, il.J., State Department of Educa- 
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to retrieve dati of interest to tnem. This problen 
is not unique to New Jersey. A recent issue of 
ERIC'S Intercnange indicates the extent of concern 
for expanded access to educational information: 

The teacier in the rural school must 
be provided the sarin} retrieval opportunity 
as the professor of a large university. A 
superintendent in a district must have the 
same access to ERIC as the graduate stu- 
dent laboring on his Ph.D. dissertation. 
A major thrust to provide for these needs 
must soon surface on a national level 
or a kingdom may someday be lost for lack 
of a nail . 2 

SOE recognizes the need for an educational 
data control system: (1) to facilitate efficient 
storage and expanded retrieval of data collected; 
(2) to reduce to a minimum the collection of du- 
plicate data; (3) to i-iprove the precision with 
which data is requested and therefore the relia- 
bility of ;he data its-^lf. 

In order to meet these objectives it was de- 
cided: (1) to plan a co^iouter-based system for 
storage and retrieval of educational data, with an 
on-line, multiple tertninal capability both for re- 
cording data into the systen and for retrieving 
data from the system; (2) to develop a standardized 
teri"inology, comparable to the extent reasonable 
with professional and national trends, for collec- 
tion, storage, and retrieval of the data; (3) to 
provide an indexing structure that will serve as 
an organizational fraj"-* of reference for both stor- 
age and retrieval of t )e actual data. 

Thus DEIC — Ue^' Jersey's system for bringing 
educational Jata Elements and Uems under Control 
— v/as born. 

A project of this scope requires expertise 
from a variety of disciplines education, infor- 
mation science, computer technology. The research 
component of DEIC reflects these backgrounds. As 
financial resources for the project became avail- 
able, SOE approached the :?utqers University Grad- 
uate School of Library Service with a research 
grant proposal that v/ould fund the first phase of 
development of an indexing structure and a stan- 
dardized vocabulary. In October 1974, the re- 
search team was in full operation with the fol- 
lowing primary personnel: Or. R. Kay Maloney, 
Project Director, witn research experience in 
subject analysis and computer-based infomiation 
systems; Kay .tcGinty, full-time research associate, 
with experience in social science research; Irvin 
Gaydos, Assistant Jirector, Office of Research 
Inforiration, and iiais^n to the DEIC Project for 
SJl; Barbara Sney, candidate for the Ed. J. at 
Rutgers, serving an eiicational internship on the 
project. 

Our metnodoloqy really follovjs a progression 
tnat evolves naturally when one takes the time to 
examine fully the objectives of the OEIC Project. 
First, we must identify wnat data is actually be- 
ing collected. Next we must organize that data 



2 Lind, A.O. "Automated Oata Retrieval Inter- 
face Systems (ADRIS)." Interchange , March 1974, 
attachment ^3, p.. 2. 



for storage. Finally, we must index the data so 
it can be retrieved at a later date. 

Identifying the data collected necessitates 
our securing copies of every form being distribu- 
ted by each of the departments of SDE that is to 
be incorporated into the data base, (There are 
approximately 450 forms, though this is a con- 
stantly changing component of the system.) It is 
then necessary to identify every single request 
for data on each of these forms. We call this 
single unit of information a data item. The key- 
word indexing approach was used to create a work- 
inn file of the data items appearinn on SDE forms. 
Even from this rough data base we have been able 
to identify a 25 percent rate of exact dupl ication 
of data items. (It should be kept in mind that 
some duplication is necessary and desirable.) Al- 
though we do not hJ*ve precise statistical data as 
yet as to the extent of synonymous but not exactly- 
worded data items, it is our feeling that another 
10 percent nay fall into this category. 

Developing a viable indexinn structure that 
will serve as an organizational framework for the 
system requires one to take a hard look at exactly 
what information might be needed in the future and 
thus must be stored. The data item is not suffi- 
cient. Thus far we have isolated six pieces of 
information for each data item that we consider 
essential to be stored in the system: (1) a des- 
cription, in our standardized terminology, of the 
data item requested; (2) the statistic (the "an- 
swer") collected; (3) the geographic and/or school 
unit giving the data; (4) the time span that the 
statistic collected represents; (5) identification 
of the form on which the data item appears; (6) 
the collecting agency within SDE. Other informa- 
tion necessary for system operation is also in- 
cluded, but is not germane to this discussion.. 

Crucial to the whole project is the develop- 
ment of a standardized terminology, for it deter- 
mines how data itens will he described both at 
the point of storinn data ir the system and at the 
point of accessing the information in the system. 
The OEIC Project Team feels that it is particular- 
ly important that any terminology used in the sys- 
tem reflects professional acceptance and is com- 
patible with other educational information systems. 
Tnis is not an easy goal for many reasons, one of 
which is the lack of agreement among professional 
sources. Uor is it a finite goal.. Terminology is 
always in a state of cnange, and the need for a 
system that can accept continual updating nas been 
a major consideration in the designing of this 
data system. We have decided to base our standard- 
ized terminology and v/orking definitions on the 
U.S.O.E. handbook series, with reference to the 
ERIC Thesaurus , WICHE 'lanagement Information Sys- 
tems Program technical reports, and Good's Die- 
tionary of Education . For example, any financial 
statistics collected by SDE have been examined to 
see if terns defined in the federal handbook on 
finance and accounting ( Handbook II ) can be used 
to index the data items. The otiier sources men- 
tioned are checked if there is confusion among 
terms or if there is no term in the Handbook to 
reoresent the concept, '/e work with blocks of 
subject-related data itens, so that the standard- 
ized terminolooy will reflect subject relation- 
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ships ainonq terms within a subject area and so 
tnat clarification of scope or context can be pro- 
vided as needed. 

The oroduct of this phase of the OEIC Pro- 
ject will be a thesaurus. One part of the thesau- 
rus will display in outline form for various sub- 
ject areas the scope, context, and interrela- 
tionships of all those terms that can be used to 
retrieve data on a particular subject. It will 
also indicate the codes to be used to retrieve 
t.ie data desired. Part Two will be an alphabet- 
ical index of standardized ^^earch terms and syno- 
nyR)0us terms that will direct the user to the 
appropriate place in the outline. The thesaurus 
will also include guidelines as to how the the- 
saurus is to be used (1) to enter data into the 
system, and (2) to search the system for specific 
information. 

We already have segments of proposed termino- 
logy in first draft, and are entering a pre-test 
stage of the research, where we are applying our 
terminology and indexing system to a sample of 
forms distributed by SDE. We anticipate that re- 
v/orking the vocabulary and debugging the system 
will be a lengthy and frustratir' process. How- 
ever, we are approachinn it on a ^egment-by-segment 
basis; after one segment is tested and revised, 
tlie corresponding data can be entered into the 
system for immediate use. This process will also 
constitute the revising and updating procedure 
necessary to maintain a current and valid file of 
information. 

What oroblems have we encountered? We've been 
plagued with all the usual challenges of creatinn 
standardized terminology — synon^mi control, mul- 
tiple rreanings for single words, choosing from 
among several terms expressing the same conceot, 
changinn terminology. In addition, the data base 
itself has contributed its share of unigue posers. 
Context is particularly troublesome. Removinn 
the data item from the comfortable nest provided 
by tfie form often produces a baby bird with an 
identity crisis. Not only can it not "fly" alone, 
you can't even be sure whether you are observinq 
a grounded sparrow or wren. For this reason we 
try to provide context by recording such supple- 
mental information as collecting agency, cover- 
age dates, and even additional subject informa- 
tion in the .indexing terminology used to describe 
ttie data item. 

Persons creating t.ie forms tend to ask for in- 
formation in phraseology tliey tnink the person 
filling out tne form will understand. As a result, 
two conditions arise. The onraseolony used on the 
form may express tiie need for information in cir- 
cuitous ratiier tnan the straightforward terms used 
to record tne data into the system. A very sinple 
example of this is a frequent request for "The 

number of students in pronram." With tlje 

possible exception of tne name of the program, not 
a single word in that data item is significant for 
indexing purposes. Fortunately v/e can recognize 
quite easily tne concept oehind the request — 
enrollment (it's not so sirple in otiier instances). 
Tne fact remains, hov/ever, tnat t.ie phrasing in the 
data Item cannot be used for indexing purposes. 



This is compounded when different forms may 
ask for similar information in different phrase- 
ology. For example. Form C may ask for total en- 
rollment in the district's junior hinh school (in- 
cidental ly, -persons supplyina this data from sys- 
tems on 8-4, 6-2-4, and 6-3-5 plans ma> interpret 
this reguest differently). Form D may ask for the 
number of students in seventh and einhth grades 
within the svstem, while Form E may ask for pro- 
jected enrollment in the first two years of hign 
school in the district tvra years hence. All may 
be wanting essentially thp same information. 

For many nood, and some not so good, reasons 
forms freguently become obsolete or are replaced 
with revised forms at SDE. A major concern of 
OEIC is file maintenance — adding new data and 
reflectina that addition in the standardized ter- 
minology of the system, and deleting obsolete in- 
formation and terminology from the system. For 
the revision component of the system, we intend to 
follow essentially the same procedure as is being 
used to develop the thesaurus. Rather than work- 
ing with subject blocks, however, we plan to re- 
vise on a forn-by-form basis; our file organization 
is flexible enough to provide for both subject and 
form approach. Our retrieval code is an open-ended 
one, so that additions to it do not require reced- 
ing of materials already in the system. 

lie see many contributions that OEIC can make 
to educational data control in New Jersey. We have 
already mentioned that stanrlardizinn terminology 
used in data collection and retrieval should result 
in more precision in fillina out forms and there- 
fore should provide more reliable data. In addi- 
tion, the resultinn thesaurus will be useful as a 
nuide to filling out forms and accessing the data 
base efficiently and accurately. 

Futhermore, the project will facilitate the 
creation of a computerized data base, accessible 
by any personnel authorized to examine the data. 
By coordinatinn the SUE data collection efforts 
within the framev/ork of professional and national 
efforts, teachers at the local level and federal 
educational administrators alike can work with min- 
imal additional instruction in tiie state or nation- 
al educational information systems that are or may 
become available. 

Finally, the vehicle used for data collection 
will be directly affected. In the future, phrase- 
ology used in requesting information should reflect 
the standardized terminolony. As duplicate and 
synonymous reguests are identified, there should 
be a correspondinn reduction in the actual data 
items included on various forms. It is reasonable 
to exoecc that freguently "new" information needed 
bv SOE would already be stored and thus retrievable 
from the system, eliminatino the need for creatinn 
a new form to collect the information. A logical, 
thounh lonn-term, benefit of this project is com- 
puterized preparation of data-collection forms 
used by SOE. When direct computer access becomes 
available at the local level, there is the poten- 
tial for directly reguestinq and entering data 
through the system as needed, thereby eliminating 
entirely the handlinn of forms. 
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In 1972 a vear- long study was undertaken 
by the New York State Education Department to 
plan for the development of a statewide informa- 
tion system based on existing education manpower 
statistical data. Tbp study, supported by a 
U.S. Office of Education grant, was conducted 
by the Department's Information Center on 
Education. The results of this year- long 
effort have been compiled in a planning document 
entitled A Plan for the Development of a 
Comprehensive Educational Manpower Information 
System for New Y.>rk State . The system (EMIS) 
is designed to encompass historical, contempo- 
rary and future data on educational manpower 
(EM) including public school classroom teachers, 
pupil personnel services specialists, and 
supervisory and administrative personnel. It 
contains data on individuals who have been 
certified in New York State since 1970 or who 
have been employed in New York State public 
schools during the same time span. EMIS is 
designed to provide precise and timely 
information in the following areas: 

1) the existing educational manpower in 
ouol ii e ie...entary and secondary 
schools ; 

2) the potential pool of educational 
manpower produced bv teacher training 
institutions ; 

3) the potential pool of educational 
manpower included in the teacher 
certification files who are not 
present 1% employed in a school 
system ; 

4) the turnover rates of educational 
manpower in all sectors of the 
public elementarv anH secondary 
education system. 

The system will serye as a base for the planning 
and development of professional education 
manpower training programs in the colleges and 
universities of New York State. These 
institutions produce three-quarters cf the 
State's profes«;ii)naI educational personnel. 



Rationale for the EMIS 

As recently as 1966 the Nation was faced 
with a shortage of certified teachers. The 
Senate Committee on Labor and Public Welfare and 
the House Committee on Education and Labor issued 
reports stating that in 1966 the Nation was faced 
with an unprecedented shortage of almost 170,000 
qualified teachers. (Zerfoss & Shapiro, 1973). 
SincG that time, however, record numbers of 
teachers have graduated from colleges and 
universities and many school districts now report 
a substantial surplus of applicants for teaching 
positions. The National Education Association 
annual report on the supply and demand for 
teachers clearly shows that since 1970 the supply 
of teachers has exceeded the demand. Several 
reasons appear to explain this rather sudden 
change in the supply and deniand situation. They 
include: (I) a sharp increase in the number of 
college graduates at the end of the I960's; 
(2) a slowdown in the growth of the school age 
population; and \3) H tigh*'eniitg of fiscal 
constraints in many school districts. The ^cw 
York State picture of the teacher oversupply 
situation is reflective of the situation at the 
National level. 

It has become increasingly evident that 
manpower planning in the area of educational 
personnel production and utili7.ation in New York 
State must be brought under systematic control. 
The key to solving this problem is the develop- 
ment of a statistically-based information system 
which can routinely generate data reflecting such 
central factors as (I) the rate of production of 
EM by institution and area of certification and 
(2) the rate of employment and ut i I ization of EM. 
The EMIS will serve as a readily available base 
of information whose components have been 
identified by potential users as necessary for 
sound educational manpower planning. 

Development of the EMIS 

Two pragmatic principles were adopted in 
guiding the development phase of the EMIS. They 
were (I) potential users of the information 
should help define policy issues and, in turn, 
the tvpe of information to be generated b> the 
system and (2) existing data sources should be 
used as the base for svstem development. In line 
with the^e principles, the first developmental 
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task wds the identification of ke\ policv 
l^^saes relating; ti) efficient and svstematic 
production and utili/atlon of professional 
eduLaiioiuil manpower I he identification of 
polic\ issues then led to the identification of 
required statistical u formation which would 
bear direct I \ on the resolution of these issues 
and serve user needs Next, relevant data 
sources c*.)ntained in present 1\ operating svstems, 
both within and outside the New Vork State 
.Education Department,, were identified. A match 
was then made between those svstcns and the data 
requirements identif>eil earlier to determine 
what, if an\ , new sources of information (or 
modifications of existing sources) would be 
required to adequate 1\ address pertinent KM 
polic\ issues 

The polic\ issue identification phase of 
the stud\ was undertaken bv conducting in-depth 
interviews with individuals in various sectors 
of the State's educational svstem,^ including 
the i>tate rducation Department, private and 
public colleges and universities,- local school 
districts, education planning groups and 
National ana State teacher affiliated groups. 
I he major thrust in identif\ing education 
manpower polic\ issues was to find areas in 
which there are gaps in existing information 
and where lack of communication exists among 
various sectors of the education establishment, 
thereb\ harrperini; efficient F.M planning. A 
content analvsis of the interview data surfaced 
a set of significant issues and information 
needs. 1 he most critical issues were those 
related to the need for an information base that 
wtiuld interrelate data on characteristics of 
manpower produced b\ the colleges and universi- 
ties and the emplo\ment of such manpower in the 
public elementarv and secondar\ schools of 
New ^.irk State It was determined that such a 
comprehensive picture would increase the like- 
lihood of communication between groups and 
serve as a basis for more efficient KM program 
p lannmg . 

I he results of the first phase of the 
stud\ also indicated that unit record data on 
individuals would be required as the primary 
data source in the s\stem. A survev was 
conducted to identif\ the current or potential 
availabilit of ^uch i nf rmat ion . Three 
sources of unit record informal i(^n were identi- 
fied which ciuild seive as a data base for the 
h.nlS. 'Ibe\ are (I) the Basic Educational 
Data Ss-^tem (BhI)S)v (2) Teacher Cer t i f icat iun 
Records (ICR): and (1) N'ew York State Teacher 
Retirement Svs^em Files (iRS). 

B asic Fducational iMta S\stem ( BKDS ) - - BKDS , 
which btis been operational since 19f>7, is a 
Computerized system operated h\ the N'ew York 
State Education Department. The personnel 
file of the svstf^m identifies, on a longitudinal 
basi<?, all public school professional personnel. 
?;ach unit record contains a series of demogra- 
phic a^d prof''ss lona I characteristics and the 
assignments that each staff member performs. 
BKDS, then, <;erves as the base for identifying 
tne past and existing public school profess i'"*na I 
KM pool emplo%ed in the State. 



leacher Certification Records (TCR) --'lhe Kducation 
Department maintains a manual I \ operated filing 
s\stem on all individuals to whom professional 
education certificates have been issued 
Demographic and professional characteristics on 
each individual are compatible with data contained 
in the BEDS personnel file In order to incorpo- 
rate this data source into the EMIS it was 
necessary to convert the manual s\stem to a 
computer file and to create and install a svstem 
b\ which new records would be made a part of the 
system on an ongoing basis. The initial data 
conversion effort involved approximately h.3 man 
years of clerical staff handling in excess of 
322,000 records, accounting for all certificates 
issued in New York State since 1970. The second 
procedure involved implementing a new administra- 
tive procedure in the Department's Division of 
Teacher Certification. 

Computer programs have been written which 
merge the BEDS files with the TCR files. This 
newlv combined data base,- which cor\tains 
information dating back to 1970, can produce 
information which shows the relationships [between 
program output and school district utilisation at 
the district ,^ count\ , region and State levels 
Information can be sorted on anv single data 
element contained in the s\stem or an\ combination 
the reof 

New York State Teacher Retirement S\stem Files 
(TRS) --This computerized svstem, which is 
independent of the Education Department, has a 
membership composed of the majorit\ of profession- 
al personnel who are present I v emplo\ed in or who 
have retired from service in the public elementary 
and secondarv schools in New York State, excluding 
New York Clt\. It has a total membership of 
216,500 individuals. New York Cit\ operates its 
own teache r re t irement sys tem . 

Ihe master file of the IRS is partitioned 
into an active and retired file Individuals upon 
retirement or death are removed from the active 
file when thev leave active service If the 
individual returns to active school service on an\ 
basis, he is again placed on the active file 
Status changes for personnel such as retirement, 
death or reentrv into service are periodical Iv 
updated on the computer file. All retirees are 
identifiable b\ name, social securit\ number, date 
of retirement, and school district from which thev 
retired, Ihe same t\pe of information can be 
generated from the New York Cit\ Teachers 
Ret irement Svstem. 

Ihe data elements contained in this svstefn 
are compatible with BKDS and IC» files. Ihe T RS 
can provide unit record data on the rate at which 
pro f ess iona 1 person ne 1 are leavi ng the field as 
active members of the public education field 
thereby providing a more accurate picture of the 
potential pool of certified KM who are not 
emplo\ed. Inclusion of the IRS files in the KMIS 
is vet to be arranged. Ibis will require 
negotiations between the Education Department and 
the leacher Retirement Svstem 
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Ctilit of the EMIS 



Output from the EMIS can serve manv 
sectors of the New 'ismK State Kducation 
communitv in terms of more efficient HM planning. 
At the State level, trends in the supplv and 
utilization of specific types of EM on a 
statewide and regional basis will highlight 
present and anticipated areas of EM growth, 
contraction and stability. At the local school 
district level, superintendents will be provided 
with timelv information for locating appropriate 
to f!!! vacancies or newly created positions., 
Thev will also hnve information available on 
general trends in KM availability and needs In 
their region and in the State. 

Guidance co.inselors in both secondary 
schools and colleges will be able to provide 
students with relevant and up to date career 
information dealing with trends in the growth, 
stabilitv and decline of EM employment. 
Colleges and universities will be able to plan" 
mt^re accurate l\ for the creation, expansion, 
contraction <^r elimination of programs dealing 
with the production of KM. 

Another injx>rtant application of EMIS 
will be to provide a statistical base for 
generat i ng mo re loMable forecasts of future 
demand for all v:aie*gories of certified KM. The 
projections can be c(^mputed on the basis of 
such factors as c**: 1 1 1 ica t ion field, geographic 
region, tvpe of troining institution, type of 
district or anv othtr data element within the 
svstem. The svstem is designed to be flexible 
in terms of output format. A combination of 
general statistical outputs on a statewide and 
regional basis will meet most planning 
Information needs. When necessary, special 
reports will be generated on a request basis. 

The EMIS is designed to provide 
relevant education nnnpower planning data to 
more adequate Is addross problems of supplv 
and demand in the present and in the future. 

A data flov outline for the complete 
s\stem is shown in Figure 1. A listing of 
the data elements ct nta.'ned in the svstem is 
shown in Figure 2. 
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Figure I 
DATA FLOW OUrLINK 
NKW YORK STATE EDUCATIONAL M/\NPOWKR INFORMATION SYSTEM 
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Figure 2 

MAJOR DATA CLEMENTS CONTAINED IN THE EMIS 



Bureau of Educational 
Data Systems 

Nam- 
Social Security Number 
Date of Birth 
Sex 

Marital Status 

Degiee Status 

Occupation In Prior Year 
(nature and location) 

Tenure Status 

Educational Experience 

Certification Status 

Professional Field Assignments 

School District of Employment 



Teacher Certification Records 
Name 

Social Security Number 

Date of Birth 

Sex 

For Each Certificate 

College (Name and Countv of Location) 
Certification Area 
Year of Certification 
Ivpe of Certificate 



Teacher Retirement System 
Name 

Social Security Number 

Date of Birth 

Sex 

Work Status 

Act Ive 

Ret Ired 
School District 
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INVERTED FILE STRUCTURES 
IN PAYROLL PROCESSING 



Thomas C. Richards 
Miami University Oxford, Ohio 



Introduce Ion 

A great deal of attention has recently 
been devoted to the subject of general- 
ized data base management systems (A, 6). 
This interest lias oc cured in parallel 
with the emergence of computer based 
management information systems (2). 
These systems are the backbone of report- 
ing systems in government and Industry 
which provide information for management 
decisions with the necessary flexibility, 
adequacy, and frequency,. 

Proper file structure, selection and 
evaluation are of the utmost Importance 
in view of this e ve r -gr ow ir.g data re- 
trieval and reporting demand. A data 
structure must permit a direct repre- 
sentation of the complex relationships 
which exist among the entities of a 
husLness enterprise and permit many dif- 
ferent lor. ical orderlngs to be defined 
instead of the single ordering implied 
in a hierarchical structure. 

The purpose of this paper is to dis- 
cuss the successful design of a pavroli- 
peronnel system which provides many of 
the above attributes while at the same 
time being implemented on a small core 
computer with a limited number of peri- 
pheral storage devices. This data base 
management system uses a unique file 
structure which allows extreme flexi- 
bility in file manipulation and retriev- 
al. This unique system has actually been 
implemented for a medium size school 
district. 

The Problem 

r{\ere is a real and recurring need in 
educational administration to be able to 
interrogate a data base by selecting or 
extracting some part or combination of 
elements. For example, how many fourth 
grade teachers have masters degrees and 
are partially supported by Title III 
funds, or what is the average salary of a 
tenured teacher? The unit costs of 
schools^ programs, and functional areas 
are all of importance to decision making 
processes in educational administration. 



Since the predominant costs of a public 
school district are personnel salaries, 
the area of payroll -personnel systems 
offers the greatest payoff in terms of 
providing meaningful cost analysis and 
cos t benefit data. 

Personnel file structures in public edu- 
cation tend to be rather straight forward 
since the teacher population of a school 
district is const an t during the school 
year. Some categories of tne classified 
staff tend to move in and out of employ- 
ment but this is a rather minor turnover. 
The problem arises in the payroll file 
structure since the funding of a pablic 
school district tends to be rather complex. 

The average public school district's 
funding depends on a multiplicity of 
sources of funds including local taxes, 
state subsidies, and a variety of federal 
programs. Personnel within a school dis- 
trict may be paid from several sources and 
detailed accounts must be kept of the 
allocation of funds from each source. 
Thus, if an employee's salary is drawn 
from more than one fund, a detailed payroll 
record must be kept for each fund . The 
problem is further complicated when his 
salary is charged against several accounts 
within a f und . 

The Solution 

One obvious solution would be to con- 
struct a pay r o 1 1 -pe r s onne 1 record for each 
employee so that current and year-to-date 
payroll information can be carried in each 
record for each possible fund and account. 
Unfortunately, the employee whose salary 
must be allocated against more than one 
fund is an exception rather than a rule. 
This method of attack would lead to an 
excessive record length for most employees. 
Anotlier solution used by many school dis- 
tricts is to generate a separate payroll 
record for each fund. This results in a 
great deal of duplicate information si nee 
each record usually contains employee 
name, address, social security number, 
number of dependents, and other items 
common to all records for a particular 
employee . 
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The solution used i i\ thi.s inves I i Rnc ion 
is to carry n n.-st.^r re core! for e«'\ch em- 
plovee which oontnin*i all oi these roininon 
elements p I u i m nu 1 1 i p 1 i i i i v o t i n i r - 
mat ion requiml i )r emplov.'e personnel 
records on a randoni access file. By 
usin^. tlie codiuR »lructijre outlined below, 
this master re\ or l is then linked Into 
one or more payioll records. One of 
these records is generated for each fund 
from which tho emolovee*s salarv is 
drawn. All emplo^'oes have a master re- 
cord and one payroll record in tlie file 
as shown in Figuio I. The exc^^ption has 
a master personnel record .ind two or more 
payroi I records . 

One additional problem r. an be handled 
with ease using tliis file structure. 
This i-> the case where a salary is charg- 
ed against two or more accounts within 
one fund. If t- a r '\ p a v r o 1 1 record h a ^ an 
account naml)er as >i»ciated witti it, each 
account within the same fund generates a 
separate pavroll .ccord for the employee. 
For example if ci'\ ^»mployee*s *;alary is 
drawn from genera funds and LSEA funds, 
two payroll rerord^ are generated. An 
employee whose ->alary is drawn from DPPF 
funds and chari<*d against librarian 
salaries and hi.is ilriver salaries would 
also have two payroll records, one for 
each account wirhin tlie DPPF funds. 

This inverted tile structure allows a 
great deal of flexibility in file content. 
For example, it is often necessary to 
carry a particular type of information 
for one clahsification of employee which 
will never be required for another em- 
ployee type. For certificated school 
emplovees, it i; often necessary to maln- 
tain» in machi no processable form, certi- 
fication data, classroom assignment data, 
and the number ol semester hours complet- 
ed. This information would not he requir- 
ed for classified employees. If room 
were left in tiie master record for all of 
this information, the file length would 
be exorbitant in length. Likewise, it 
might be necessary to carry a job skills 
inventory, training information or civil 
service examination data for classified 
personnel. Bv u^itir the same coding 
structure used to link the pavroll re- 
cords into the employee master record, it 
IS possible to carry a multijilicity of 
specialized supplemental records contain- 
ing a large v a r i ' : • j> f information. 

ihe coding; structure required for this 
file organization is suitable for random 
access processing. Each employee's mas- 
ter record contains, as a primary key, 
his identification number. The detail 
payroll record j->es as its key a conbi- 
nation of thL> i d ea t i f i ca t i on number, a 
fund number, and a \ indicator telling 
how many accounts vithin the fund his 
salary is (i e b i t e d > r c h a r g e (i a a i n s t as 
shown in Figure 2. Flie employee master 
record contains, in addition to iiis iden- 
tification number, up to six fund identi- 
fiers in a sub-re')rd. Each field within 



tlUs sub-record contains, as shown in 
Figure 2, a fund number plus an account 
indicator . 

The fund and account indicator are tlien 
combined witli the employee identification 
number to generate tlie key for each of his 
pavroll records. By using a dummy fund 
number, it is also possible to store and 
retrieve miscellaneous infornjation in a 
d ummy payroll record. Using an Index 
sequential file and keeping all records 
the same length. It is possible to access 
thp file several different wavs. Tlie 
employee identification number can be used 
as an accession kev to retrieve all pay- 
roll information related to a particular 
employee . The fund number can be used as 
the sequential accession key to retrieve 
all records related to a particular fund. 
By retrieving; .ill pavioll records and 
then sorting by account number, it is 
possible to easily generate account 
distribution reports. 



Conclusion 



The personnel- 
ment system outli 
the flexibilitv a 
i mp 1 e me n t a t i o n of 
systems on a smal 
limited number of 
devices. In part 
been installed on 
with two disk dri 
using COBOL as tli 
file structure an 
ments and records 
requirements chan 
direcL represent a 
relationships whi 
effective adminis 
Dcrsonnel system 
s t ra t ion . 



payroll dat<i base 
ned In this repor 
nd adequacy requi 

us e f ul and p owe r 
1 core computer w 

peripheral stora 
icular, this syst 

a 32K IBM 360 mo 
ves and two tape 
e source language 
d additional data 

can be added as 
ge . The sys tem a 
t i on of t lie c omp 1 
ch must be analyz 
t rat ion of a payr 
in educational ad 



manage - 
t offers 
red for 
ful 
1th a 
ge 

em has 
del 30 
drives 
. The 

e 1 e - 
use r 
1 lows 
e X 

ed for 

oll- 

mini- 



Re f e r e n ce s 

B e r r. t i s s , A . T . , Data Structures - 
Theory and Practice , Academic Press, 



3 . 



New York, 
Ca gan , Ca r 
Melville P 
19 73 . 
Cardenas, 
Selection 
Model and 
the A CM , S 
Codasyl <y 
To Feature 
Base Manag 
of the ACM 
Dodd , («eo r 
agement Sy 
June , 1969 
S cliub e r t , 
Data Base 
Da t ama t ion 



197! . 

1 , Data Management System s , 
ublishing Co., Los Angeles, 



Alfonso F,, Kva I u 

of I- i 1 e 0 r g a n i ?. a t 

System 
e p t 



1973, Vol 6, 
s tems Commi t tee , 

Ana 1 vs i s of (len e 
e men t S y s t e ms . Co 
, May, 1971, Vol 
ge n . , K lemen ts o 
stems , Co mp u t i ng 



ation and 
ion - A 
Communications o f 



Severance 
Search Mec 
alized Mod 
19 7 4, Vol 



, Vo 1 1 , No 2 . 
R icha rd F . , D i re c 
Mana geme n t Te chn o 
Sept, 1974, Vol 
Denn is , G . , [den 
li ani sms ; A S urve y 
e 1 , Comp u t ing Sur 
6 , iio 3 . 



No 9. 
Introduction 
rail zed Data 
mmun icat ions 
14, No 5. 
f Data Man- 
Sur V eys , 



t i o n s in 

logy ♦ 

20 . 
t i f i e r 

and Gener- 
vey s , Sept, 



ERIC 



5i 



ij3 




ERIC 



55 



THE NEW WORLD OF 
[NimCTlVE BUSINESS SYSTEMS 

Edward J. Lias 
Ocean County Information Network 



The conference theme "New Worlds of 
Education.il Data Systems" may be an exciting 
headline to the novlco or the outsider looking 
in. But the serious business administrator who 
has invested years ol design in his current 
office systems nay not be cheered to hear of 
bold new approaches ro educational data systems. 
New worlds can be seriously threatening. 

The theme before us this hour nay therefore 
be of major significance. Interactive business 
systems, now operational, could impact your life 
or office systens during the next five years. 

The contemplation of such change is disturb- 
ing — maybe unwelcome. It represents a new style 
of processing and could unsettle established con- 
ventions In the future. 

Whether you read "Business Week" or 
"Computer World," you are probably aware that 
terminals are here r.> stay. Four years ago they 
cost $5,000 each. Some now cost $1,200. They 
weighed (typically) 70 pounds in 1970. Today 
this one (DIGILOG) weighs 9 pounds and goes 
easily in a brief case. You can take It home and 
attach one wire to the rabbit ears of your TV set 
which serves as a screen. 

About two million terminals (all types) are 
Installed around the vorld.. The companies which 
make them are tooled to supply them like tele- 
phones for the next 51 vears. Each office and 
home Is a potential b'lyer. In 1973-74, two new 
terminals were introduced each week . 

Till now, terminals had little to do with 
your office automation. The mature needs of a 
school administrator had nothing: in common with 
the superficial servi<*es which terminals typi- 
cally provide. 



Here are some common uses of terminals: 



1 . 


ONLINE 
UPDATING 


AIRLINE RESERVATIONS. 


2. 


DATA 

BROADCASTING 


AIRLINE FLIGHT SCHEDULES 


3. 


MESSAGE 
SWITCHING 


WESTERN UNION TELEGRAM 
SERVICES. 


<*, 


DATA ENTRY 


ONLINE KEYPUNCH 
REPLACEMENT. KEYPL^ChING 
ONTO CASSETTE, TAPE, OR 
DISK. 


5. 


irvtOUlRY - 
RESPONSE 


EXECUTIVE VIEWING OF 
FINANCIAL DATA. 


6. 


R. J.E. 


EXTENDS COMPUTER ROOM TO 
ANOTHER PLACE. PROCEDURES 
SAME AS IN COMPUTER ROOM. 



None of the terminal uses above are complete 
business systems sufficient to drive the full 
data requirements of an active school system. An 
interactive business system will be a combination 
of several of the above, plus much more. 

As an illustration we will detail a student 
record-keeping system. Please observe that the 
illustration could be payroll, budget, inventory, 
attendance, or any other business system. But by 
using the student record-keeping system, you can 
relate your current system to the one shown here. 
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OASIS 



ATTENDANCE ENTRY AND UPDATE PROGR/\MS (AI-A9) 



COMPUTER TASKS AVAILABLE 
(PUBLIC SCHOOLS) 

02 Add New Students to Master file 
OA Add/Drop View Student Courses 

05 Add/Drop courses by class 

06 Add - Bus number, homeroom, district numbers, 
etc. 

07 Sort Student Courses Into Course/Period order 

CILXNCn PROGR/VMS (10-19) 

10 Change Student Facts 
17 Calculate Student's Age 

VIEW PROGRAMS (20-29) 

20 View Student Information 

27 View Course Cross-Ref erence Keys 

28 View Cross-Ref erence Keys 

REPORT CARD PACKAGE (30-AO) 

30 Batch Grade Entrv 

31 (ir.ule Entry to Student Records 

32 Check for Missing Grades In Master Kile 

3) Calculate Grades + Attendance for Report Cards 

jA Print Report Cards 

33 Print Incompletes + Failures bv Teachers 
36 Print Incompletes + Failures bv Students 
J7 Print Hl^h + Re^iilar Honor Rolls 

38 Print Crade Distribution 

i9 Print Class (trades Entered 

40 Write Grades to Student Records 

INITIALIZATION' PROGR/\MS (Al-50) 

A! Build Master Course File 

'♦2 Modify Master Course File 

'^^ N'ew Year Student Requests for rour«;e«; 

A A Bui Id /Print Teacher Schedules 

A6 Create Next Vear*s Master Student File 

>0 Print Student Schedule Cards (Be>;inninj> 
School Year) 

RFPORl PR()(;RAMS (51-69) 

)\ Total Students m Each Grade 

52 District Statistics 

5^ Print Commendat ion/!)ef ic i encv List bv 
Teacher 

5 A Individual Entries of Commendat ion/ Def ic iency 
Students 

55 Print Commendat i(m/Def ic i encv Report 

56 Print Total Com/Def Bv (;ra(Je (Audit) 

57 List Deficiencies fi)r Counselors 

58 Formatted Print of Students 

59 list Failures Without DeficuMUMes 

60 Com/Det Statistics Report 

61 Bus/Ptjpil Milea>^e 

62 SttJdent ID Listing 

6A Print Class List by Teachers 

66 Print KnJ-of-Year L.ibels 

67 Total + Print Student bv Courses 
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Al Entry of Dally Attendance 

A2 Print Dally Attendance List 

A3 View Individual Attendance 

AA Attendance Officers List 

A6 Change Attendance Data 

A7 Change Enrol Iment Code 

A8 Change Status Data 

A9 Correct Single Status & Attendance 

ATTENDANCE IN-HOUSE PR0GR/\MS (BI-B9) 

Bl Print Attendance Labels 

B2 Print Attendance Cards for Teachers 

B3 Build Control Record Calendar (School 

Calendar) 
HA Modify School Calendar 
U5 Print School Calendar 

ATTENDANCE REGISTER AND ANNUAL REPORT 
PROGR/\MS (CI-C9) 

CI Monthly Attendance Register 
C2 Annual Attendance Register 
C3 Age Distribution of Transfers Coming In 
For Annual Report 

SCHOOL HISTORY PROGRAMS 

ill Initialize History File for First Time 
H2 End of School Year Update 
113 Display Individual or Class History File 
Record 

HA Add, Drop, Modify or View Courses on the 

History File 
H5 Delete Records from the History File 
H6 Clean up History File - Elim Drops + 

Transfers 

H"^ Calc Final Grade for First Half School Year 
H8 Calc + Print Any Grades Class Rank from 

History File 
H9 Add New Students + Change Students* 

Facts on History File 
'II Sort Courses on History File 
T2 Accumulative Class Rank 
T3 Check History File for Missing Courses 

CONTROL RECORD MAINTENANCE PROGR/\MS (80-89) 

86 Modify Cross-Reference Keys 

87 Builo Cross-Ref erence Keys 

88 lable of Task Contents 

TEST AND REORG PROGRAMS (90-99) 

90 Adjust Anv Data Element 

9A frt-ate lest File ludiv. Stu. or Courses 

95 Create Test File 

98 Delete Records 

99 Reor^ Student Master File 
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Assime that a terminal is in the office next 
to you and that one clork or secretary has been 
trained to type the fow lines required. 

Frora the list of tasks we will clioose 
number 2, The tasks ire all the functions whicli 
Ctin be performed by tne package, (See Exhibit 2.) 

When task 2 Is requested, a small program 
loads to perform the function of receiving new 
student<t who are Just entering school . Each 
task Is A to 8 thousand characters in length 
(very small) . 

Task 2 says: 




At first the terminal is a data entry device. 
But when the NAME is entered It becomes a file 
searche*-, rejecting your entry If ihe name is 
already on the file. On significant data it 
echos back the data for verification — but does not 
require double typing for verification; only the 
letter y for "yes" Is typed. 

What is an Interactive Business System? A 
system in which every needed procedure of an 
appl icat ion is available on a^ terminal in the 
local office. 

If you select task 20 or 30 or 6A, you will 
be eliciting your own scliolasilc reports. The 
report programs may ask, "Do you want this report 
on the terminal or the hlgh-sp«ied printer? Do 
you desire single or double spacing? How many 
cople<? do you desire? Sorted by bus number or 
homeroom?" 

Upon receiving tliese controlling facts, 
the file is scanned by the program, and tlie 
reporc is generated automatically. No one at the 
Computer Center is called or Involved In the run. 
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Kxhiblt 3 diagrams an Interactive Business 
System. It is a new world of simplicity. Gone 
•ire sorts* nerges, b.itch updates, transaction- 
proof lists, etc. 



.offices or -.JO vjat.i cent<.'r. 




ARCHITECTURE FOR 
I^^■ERACTIVE BUSINESS 
SYSTEMS 
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(Sf^ALL REPORTS CAM HE RCCCIVEO UN THE 
USER'S TERMINAL WHEN DESIRED. OTHER 
REPORTS ARE DIRECTED TO THE HIGH-SPEED 
PRINTER.. ^J0 CARD PUNCH IS REQUIRED. ) 



PltMse lav this diaRran, menL.illy, over vour 
t irront appl nations. It e.in fit anv of thorn. 
The terr.inal ^ an ask p.ivroil quest ioiij* (What task? 
Add now onp I o v o e s , hnn^e va>;es , print J f o r ns « 
ft* . ) or St hoo! questions (What L.isk? Drop 
totirsos, vhan^»o at tendance, print report e.irds, 
et. .) 

Note that whon the record is sent to disk for 
stora>;e, it is already placed In key sequence 
(ni^ister alpha ^ortin^, is done) and that all 
iKH eiisarv cross-reference keys .ire built at that 
time. One second later all varieties of reports 
tin be i;enerated. Tlujs, no ner^»Jni» or sorting is 
ever required. 



What hardware permits this to be done? Most 
medium-size machines have common facilities which 
encouraj»e this type of svstem, hue not manv appli- 
iaiion designers have utilized them. Diagrammed 
alujvf is the UNIVAC 70/46 which hosted the first 
development of these systems. 

Its remarkable operating system made the 
software development easy, VMOS (Virtual 
Memory Operating System) encourages online 
implementations. Note that it has no card punch. 
As a nedium-size machine, it commonly supports 30 
terminals, all of which may be running various 
Interactive Business Svstems. 
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Renching to the kcv question, ifiv adi!ri>ss in 
sentence .isks, "Whr benefits in the new world 
Intern^tive Uasiniss Svstems?" 

Sevornl bcnci m« ii>s cm be idoniiHed, 

The LoimI Busine ss Qtf ice 

1. Yonr office ni lit benefit frrn the di<;.irn- 
sinpli e i tv . 

As bus 1 ni ssmen , you h.ive probabl y 
looked ^sk.xn. i upon DP oper.it i'^ns in 
gener.il, s.ivini; secretly, "Is it r»Mllv 
necessnrv ti)r people ti> be d.ishinj; in ,ind 
out ot the hine room — ♦'ir^ls .i-flvin^'' 
Whv so cor.; Ji^ ' Are .ill the nw.iited 
merK»** . p'^i^.-f 1, ists, cvl inder .iMocitions, 
etc. re.illv rf<j«:ired? 

hi trnih, b.itch systems .ire difficult 
*;impUfv. \ou c.Tn*t do it with ii»wer 
thin \2 ♦*fpu.Tte steps, each of wiifch 
.iw.iits the . «>r ^ Ift ion of the one before. 

BnJ i.) thf now world described here, 
vour h). .il .»t:iic st.it f will run the .ip- 
pllcition .iJt«r two or three days tr.iinin^ 
in the t.isk nur^bers and what they do, 

2. Vour locil »ft i.*c mi>;ht benefit trom the 
<uporior cor.tr >l as well. 

R.ither t'Mii dranati/,e those occa- 
sions when yoti felt that dat.i processing; 
w.is control lini; your office, when you 
wished vo«i vt-re la charge of the data 
events — r.ither th.in surmise, let me de- 
scribe a few (of riany) instances where 
loc.ii office control is evident. 



J}}K ?^lLLVil>' Kr^i st r.ir 

The Coll. v kes;isti.ir h.is termin.ils 
in his offi.o. Kre<|uentlv he needs to 
;.,iow so.it st.iuts or enrollment facts, or 
student list*;. Ujtimut central operations 
bein« involved, he requests i-.is reports 
when he w.ints tliem throu>;h his terminal. 
Since they are often bulky, he general Iv 
directs them to tiie hiy»h-speed printer 
•md piiks thrft up during lunch hour, All 
dropping or atldin*; oi course** is done on 
his t e rr^ I n.i I . s j n. e t iie file is a 1 wa ys up 
to date .ind .ilwavs sorted, any desired re- 
port wili rfflfct current st.itus as of one 
second ago. 

U tjc'nd.tn.-e 

A hiv^h scUDol clerk types in the 
n.imes of the ih»^entees. Then, on ,« type- 
writer terminal thev take task A2. It 
tells thi'r^ t.) insert a ditto stencil, 
after v?iic!^ it prints t!ie absentee list 
alphabet i.M 1 1 ind sep.irated by er.ades. 
The', d.) It -^or'uni', md afternoon. The 
nura' er oi cons.-ituive absences is listed 
for e.ich person. The list is in all 



teacher raail boxes by 9:30 or 10:00 each 
day. The Computer Center is not involved 
in the operation at all. The monthly 
attendance registeis result from task CI 
uith equal ease. 

Discover the new world of simplicity 
and local control, available in your local 
off ice. 

1 1 . The Computer Opera t ions Area Also Benefits 

If a school superintendent visits the 
Center and says, "I think I'd like to try 
your svstem," after some conversation 
regarding the requirements, the following 
procedure would set It up ii. about three 
minutes: 

I. LOCON. 2. Execute the SI PC package. 
3. Enter the control facts. A. Begin to 
enter students. 

If at your site it tflkes two or three 
da\s to set up a n«iw customer, this is 
justifiable — You ma> have tt*ack and cylin- 
der allocations to calculate, various file 
formatting strategies to anticipate, sorting 
procedures to define, etc. 

iiowever, the procedure below is .so 
simple, so free of operator intervention, and 
so autonatic, that vou could do it yourself. 



/ 




A vUi;in^ school siiperin- 
t .'n.t»-nt til ink > fu* ild 
! ly t'^ c.irrv his si hool 
rv . .»rds .'ti \ >j<r na. hine. 
Ask vour svstenj .iiijt»inistra- 
t.»r to |oin .in k count usin^ 
t he li.irre o{ his i i t v . Wh 1 1 e 
he is present. 5 i»r<*N tn the 
i< . tMint mned i i .>! \ , '..»t . 
th It pro -r \r^" <yr d-ua 
: I h'S t \ I St uudt r t hi 

i. . Otillt . 



EXEC SIPO 
X C P500 LOADING. 



•warning* 



NO DATA FILE EXISTS. 

ATTEMPTING TO ESTABLISH A NEW CUSTOMER? 
;YES 



ENTER PASSWORD: PASS 183 



NEW DATA FILE BEING ESTABLlSt€D. 



ENTER OFFICIAL NA^€ OF CUSTOMER GROUP. 
THIS NAME WILL APPEAR ON ALL REPC5RTS, 
: CENTRAL SCHOOL DISTRICT 



ENTER STATE CODE FOR CENTRAL SCHOOL DISTRICT : 01 37 ■ 



READY TO RECEIVE SCH-DOL NA^^S WITH IN THE 
DISTRICT. ENTER CNt AT A T^r-H, 

SCHOOL 01 1 VETERANS MIDDLE SCHOOL 
STATE CDE FOR THIS SCHOOL: "39^5 

SCHCCL 02:HARrlQNY MIDDLE SCHOOL 
STATE C00E:J9^*6 

SCHOOL 03:CENTRAL REGIONAL Hi OH SCHOOL 
STATE CODE: 39^4 7 



The SIPO package is 
scored under the public 
account for all customer 
schools ^0 execute. 

The package notices the 
absence of any data file 
and issues a warning. 

Password padlocks prevent 
illicit use. 

One line m the program 
establishes the data file 
on disk - ISAM with 
shared updating. AUoca- 
tlons are automatic. 



SCHOOL 03 -.CENTRAL REGIONAL HIGH SCHOOL 
STATE CODE: 39^7 



SCHOOL Oa:STOP 

FILES ARE INITIALIZED. 

USE TASK 02 TO ADO STtOErJTS 

•♦•SIPO SYSTEM^^* 

WHAT TASK?: STOP ♦ 

M3Rr^AL MALT. 



School district name and 
^*ode are written to the 
top of the file as a 
control record. 




Three more control 
records are written to 
the file. 



STOP terminates the initiali- 
zation. 

ViIiAT TASK? This message will 
now appear each time the pack- 
ORC is executed. Any of 130 
task numbers can be entered. 
Each represents a ^ to 8K 
program waiting in the wings to 
service the school. All reports 
are requested in this manner. 



With Interactive Systems there is no 
JCI.. No control card decks. Mo program 
patching or recompiling. Freed from heavy 
operations effort, the center can concentrate 
on customer training, etc. 

The benefit being described here is 
reduced a ct ivi ty in the machine room. If the 
computer can set up the system, why not let 
it do it? No one in operations needs to be 
called. Audit trails on the console show 
that it was done, hut no one stood by to make 
it happen. 

Since the file is maintained in the 
major sort sequence and the other sorts are 



maintained in the cross-reference keys, any 
report can be printed at any time. 

With the superintendent still there, 
you can begin to enter a few students just to 
show him. If you recall, we reviewed as 
task 2. 

In the world of Interactive Business 
Systems, those who automate other people's 
offices will automate their own shop as 
well. Modern operating systems encourage it 
and Interactive Business Systems make it 
happen. 
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III. 



The Costs are Better Than You Might Think 

There Is a general impression that the 
flashy terminals, phone lines and central 
machine are far more costly than a local 
batch shop. Most such beliefs are based on 
throwbacks to 1970 analyses. Four years 
later, such paleolithic findings are mislead- 
ing. This low cost terminal did not exist 
four years ago.' Four years ago the central 
hardware was twice as costly to purchase as 
it Is today. (Get the price on a UNIVAC 
SO/ 60V or an IBM 370/145.) 



Not tiveryone knows about economy of scale. 
Three dozen eggs are cheaper than one, we know. 
But where In life Is "cheaper by the dozen" most 
magnified? Not in selling three Brooklyn Bridges; 
not In the World Trade Center, but In the computer 
market. It Is not a trick of pricing, but a fact 
of electronics- You can move ten characters 
around for a penny in a small computer. You can 
move 10,000 characters for a penny in a larger 
one. In this one you can move about 10,000 char- 
acters for a penny. Next size bigger, 100,000 
characters for a penny. The really big and fast 
machines will reach a million characters/second. 



FUNCTIONS PERFORMED 



Similarly, the economy of personnel is sur- 
prising. Since the activities in the machine 
room are automated, the computer center staff 
will be more oriented to system development than 
to the brush fires of operations. Here is a 
comparison. 

A few people will debate that Exhibit 7 
omits some of the steps in the batch process. 
None are omitted on the interactive side, however. 
On batch side some of the steps take five minutes; 
others take half an hour. 

The batch procedures are mostly a manual 
sequence of events within the computer shop. 
Eleven human events contpared to two translates 
into improved use of human skills on the inter- 
active side. People are freed to perform customer 
relations or Improved system design. The personnel 
costs can be significantly lower per throughput 
volume on the interactive side because the machine 
is doing more of the work. They who automate 
other people's offices should automate their shops 
Internally as well. 



Batch Systems 

1. TRAr4SP0RT FORMS TO 

computer center 

2. Assign data to 
keypunch 

3. Keypunch the data 
4- verify the data 

5. List the punched 

CARDS 

6. WRITE THE PROGRAM TO 
PROOF THE CARDS 









7. 


Schedule ano run 




ECONOMY OF SCALE 




ABOVE PGM 


Small 


- I 


100 Char/Penny 


8. 


Study output frot-i 




>• 


1,000 Char/Penny 




above run 




3 


10,000 Char/Penny 








- 4 


100,000 Char/Penny 


9. 


Correction cycle (S) 




5 


1,000,000 Char/Penny 






-> 




10. 


WRITE PGM TO MERGE 




6 


10,000,000 Char/Penny 




CARDS TO MASTER 










FILE 








11. 


Run The file update 


If you coT.e 


from 


a small batch shop, you 




PGM 


may be in the tcu 


or 


100 characters/penny class. 




Maybe punch master 






12. 



file to cards 

Human tasks: 9 
Electronic tasks: 3 



Interactive Systems 

I. Communicate data to 
computer center 



2. Type the data on 
the terminal 



3. WRITE T:-fE PROGRAM 
TO RECEIVE DATA 
FROM TERMINAL 



4. Create save tapes 
of disk files 



Human tasks : 2 
Electronic tasks: 2 



Exhibit 7 
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In this address I have accempced to show the 
benefits of Interactive Business Systems as experi- 
enced In the local offices, the computer center, 
and m the cost effectiveness. 

Is it a fad? Have systems like these any 
permanence in the evolution of business systems? 
Ponder this question as you shortly move to other 
sessions to witness other similar systems. 

My personal opinion is that man as an informa- 
tion processing creature is moving in a known 
direction. Inherent in the invention of the alpha- 
bet was the eventual discovery of the printing 
press. And the printing press was certain to 
create information overload. With more words and 
paper tumbling upon us than we can read or file, 
electronics was destined to relieve this very 
human need. 

But online audio systems have been accepted 
by every teenager and housewife, the telephone 
being a global network for exchanging audio data. 



INFORMATION INSTINCTS 

1. All data assembled in my lifetime should be 

AVAILABLE INSTANTLY. In MY BUSINESS, ALL 
COMPANY HISTORY SHOULD BE AVAILABLE INSTANTLY. 

2. All INFORMATION IN ALL LIBRARIES OF THE WORLD 
SHOULD BE AVAILABLE INSTANTLY UPON REQUEST 

like a wristwatch or wallet.. 

3. Information should be thoughtlessly 

REARRANGABLE, WHETHER ALPHABETIC, NUMERIC 

phonetic-oral, visual-graphic. motion- 
kinesthetic, etc. 



Without conscious theorizing, most people can 
make the obvious assumption; "M^jT character data 
should be as easily manipulatable on some tele - 
phone-l ike dev ice as m^ vocal data.** 
(See Exhibit 8.) 



Terminals and Interactive Business Systems 
represent a firm step down the path of our informa- 
tion instincts. Exhibit 8 details these instincts 
and summarizes at the bottom my belief in the 
increasingly broad acceptance of Interactive 
Systems. 

In summary then, the assertion is:- 
Interact ive Business Systems are not extensions of 
earlier business processing techniques, but are a 
new world of wholly new services not previously 
available, awaiting your discovery. 



^. I WANT TO MANIPULATE DATA FREE OF CHARGE. In 
THE INFORMATION AGE, WITH INCESSANT DEMANDS 
FOR INFORMATION REPORTS, THIS IS A NECESSARY 
FREEDOM C-R BIRTHRIGHT. It SHOLLD NOT BE VENDED 
ON THE e^-^IS OF WEALTH OR SOCIAL CLASS. 

5. Few if ^ ;> RULES SHOULD GOVERN THE USE OF 

INFORMA. ON SYSTEMS. LIKE THE TV OR PHONE, I 
DON'T WANT TO KNOW HOW IT WORKS.. WITH NO MORE 
THAN S KNOBS, LET ME USE IT. 



The public demand for information 
services is too unconscious and frantic; 
the trend too well established to imagirv€ 
a future disenchantment with these ideals. 
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EriROLLMENT PROJECTIONS 
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INTROnrCTION 

School districts make enrollment projections for 
the short range purpose of planning for next year, 
which includes allocating staff and students to 
buildings. IVhether to .,uild or to close facilities 
requires long range enrollment projections cover- 
ing a five, ten or twonny year period. 

Generally, the best predictor of next years en- 
rollment is the trend of the last few years enroll- 
ment. The cohort survival ratio technique is 
appropriate to use if the recent trends affecting 
enrollment can be assumed to continue. Some of 
these trends that must remain stable are in-out 
migration, parochial school attendance, drop out 
rate and the construction (or demolition) of hous- 
ing units. Note that the trend is what needs to 
remain stable or predictable; the data can re- 
present a continuing increase, decrease or even 
an abrupt change If anticipated. 

Enrollment projections based on the last few years 
enrollment should not be continued more than a 
few years into the future, five at the very most, 
unless your school district is very stable. 

Long range enrollment projections should be based 
on factors other than enrollment history. Land 
use plans, job supply, area birth rates, parochial 
school plans and socio-economic levels as they 
relate to family size all affect future school 
enrollment. 

Enro''Iment projections should be based on good 
data. A well defined and well maintained data 
base is necessary to supply the differing types 
oj raw information that short and long range 
enrollment projections require. 

SHORT RANGE ENROLLMENT PROJECTIONS 

Assuming relatively stable trends that allow using 
past enrollment to predict future enrollment, the 
cohort survival ratio technique can be used. The 
basic data necessary Is the enrollment for the 
past few years. This data should be gathered for 
whatever date the enrollment projections^ are In- 
tended. If it is necessary to project enrollment 
for September 15th, then data on enrollment should 
be gathered on September 15th of each year. 



In order to project the entering kindergarten 
or first grade, either a family file must be 
maintained, a guestimate of four or five year olds 
must be done, or a roundup for eligible children 
should be held. If projections on the entering 
grade are done for three or five years into the 
future, then data on two year olds or newborns 
needs to be gathered. This data should also be 
gathered on the projection date (ie, September 
15th). 
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COHORT SURVIVAL RATIO TECHNIQUE 

The following data (from figure 2) Is used to 
illustrate the calculations necessary in utiliz- 
ing the cohort survival ratio rnethod. 

1967-68 1968-69 1969-70 1970-71 1971-72 

GRADE 3 60A 606 571 590 552 

0.9752 1.01A9 1.0053 0.9915 
GRADE A 598 589 615 57A 585 

A survival ratio is, for example, the number of 
students in the 1968-69 grade 4 divided by the 
number of students in the 1967-68 grade 3. (Num- 
erically, 589/604 = 0.9752) Sometimes, the sur- 
vival ratios are expressed as percentages (0.9752 
would be the -2.A8% as shown on figure 2). 

The four survival ratios calculated if five years 
of data are used determine a future survival ratio 
for that age or grade level. The future survival 
ratio can be calculated as a simple average or 
utilizing a weighted average. Using weights of 
1,2,3, and A to emphasize the most recent data: 

1 X .9752 + 2 X 1.01A9 + 3 x 1.0053 + A x .9915 ^ 
1 + 2 + 3 + A 

.9752 + 2.0297 + 3.0158 + 3.9661 _ 9.9867 ^ « aaai 
10 10 
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Figure 2 



Tliis future survival ratio calculated for each age 
or grade level is held constant and used to pro- 
ject the enrollments for the next five years. (A 
1971-72 grade 3 enrollment of 552 multiplied by 
the grade 3 to grade A future survival ratio of 
0.9987 would yield 551 for the projected 1972-73 
grade A enrollment). 

REPORTS 

An ENROLLMENT PROJECTION report (figure 1) should 
show the last few years of census and enrollment 
data and the next few years of projections. This 
enables the reader to identify the recent trends 
and heuristically confirm the extrapolation of 
those trends in the projections. 

A YEAR TO YEAR CHANGE report (figure 2) includes 
the percent changes in an age or grade level from 
one year to the next (the top percentage, ie, the 
1967-68 to 1968-69 age 0 change from 686 to 6A9 
was a decline of 5.397.) as well as the percent 
changes that occur as a class ages (the bottom 
percentage, ie, age 0 to age 1 the next year 
changes from 686 to 688 for an increase of 0.29%). 
These percentages give a feel for trends and the 
magnitude of change over a period of time. 



A HYPOTHETICAL SCHOOL DISTRICT 
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Figure 3 
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A COMPARISON report (-^Igure 3) is useful to illus- 
trate the past accura-y of whatever method is 
used. Projections made for soiae past year are 
compared with the actual enrollment for that year 
and the differenct^s a e noted. Comparipin reports 
for a number of past :ea*.s can be convincing 
either that the enrollment projection methcC seems 
to be applicable to the school district or tnat it 
should not be used. 

Various GRAPHS which show the enrollment by levels 
(le, elementary, junior high, total, etc.) can 
also show the public school enrollment compared 
to the total number of children residing in the 
district (figure A). A chart can also follow a 
particular class through school and portray in or 
out migration and parochial school attendance 
patterns (figure 5) . 



A Kvroihnija cl^sui am> ciu^uiino cuss or iv?:-?) 



A uYPOJiLTICAL SCliOOL DISTRICT 
i:«i*?.:i.CIATL ACtS A,iU CRADtS 



CZllSUS AGES 9-U 




1 j'.b 
Figure A 



LONG RANGE EN'ROLLMFVT PROJECTIONS 

Current trends which can change drastically within 
just a few years time rake long range projections 
very risky. The factors affecting school district 
enrollments need to be identified and followed. 



A DWELLING YIELD st.idv identi 
ber of adults, children or st 
of dwelling unit (ie, single 
apartment, mobile home, etc.) 
These ratios can he used to p 
any new construction or const 
bv zoning changes. If each s 
presently yields 1.6 children 
100 similar new homes W)uld h 
160 children ages 5 to 16 



fies the average num- 
udents that each type 
family home, 2 BR 
presently holds, 
roject the yield from 
ruction made probable 
ingle family home 
ages 5 to 16, then 
ave approximately 



A POPL'LATION TREE is a graphic device to show the 
age and sex structure a school district. Areas 
in different stages of . evelopment have character- 
istic shapes such as thi new suburb filled wlrh 
young families and smai: children (figure 6) and a 
mature suburb with declining enrollment (figure 7). 
Population trees for each dwelling type or sub area 
of a school district are useful 
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A POPULATION TK'dZ OF A SCHOOL 
DISTRICT WITH INCRi:i\SING LNROLLMUNT 
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A POPULATION TRKE OF A SCHOOL 
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Information about SOCIO ECONOMIC CHARACTERISTICS 
such as BIRTH RATES and FAMILY SIZE help in projec- 
ting enrollment. Applying birth rates to the num- 
ber of women of child bearing age or family size 
to the number of young marrieds will yield some 
estimates, although these ratios are currently in 
a very unstable situation. 

A CHILDREN TO POPUUTION RATIO can sometimes be 
used to project a peak enrollment or the bottom 
of a decline. Many new communities have a 1:2 
ratio of children to total population, but twenty 
years later this ratio may be I; 4 (figure 8). If 
total population projections are available and a 
ratio can be derived from older communities, a pro- 
jected child population can be roughly estimated. 

A HYPOXiiLTICAL SCHOOL DISTRICT 
TOTAL POPULATIO:^, AGLS 0-16 and 0-3 



50,000'* 



i40,000 



30,000-- 



20,000 
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Figure 8 

MIGRATION patterns can be followed to analyze en- 
rollment trends. For example, an identifiable out 
migration of families living in apartments whose 
oldest child is in the lower elementary grades 
should support a high preschool population in 
apartments not having an effect on the enrollment 
in upper elementary grades 'or secondary schools. 
A knowledge of the amount of in or out migration 
will help to assess the impact that easy or tight 
mortgage money would have on the ^school district 
enrollment. Moves within the district need to be 
separated so in and out migration rates are not 
inflated . 

The impact of FRKEWAYS, RETAIL BUSINESSES or IN- 
DUSTRIAL CENTERS can result in the opening of 
new areas for population growth or cause a drop as 
dwelling units are removed during construction. 



INFORMATION SYSTEMS FOR ENROLLMENT PROJECTIONS 

Enrollment projections are generally made by anal- 
yzing data from reports that are generated year 
after year at the same time of the year. The 
information system should contain the data items 
necessary for the reports and the capability of 
retrieving the data to generate the reports. 

A STUDENT FILE should contain each students birth- 
date, school, grade level, entry, withdrawal 
and reentry codes and dates and a reference 
to the student's family. 

The FAMILY FILE should have the parents birthyears, 
other children in the family and their birthdates, 
the total number of children, the month and year 
the family moved into their present dwelling as 
well as when they moved into the school district, 
the previous residence, the new residence (when 
leaving the scliool district) and a reference to 
the current residence. 

The RESIDENCE FILE should have the dwelling type, 
the sub area of the school district, the year of 
construction, and possibly turnover indicators 
such as the number of families that have lived 
in that residence, the year each moved in and out, 
and the birthyears of the occupants. 



DATA BASE ITEMS FOR ENROLLMENT PROJECTIONS 

STUDENT 

School 

Grade 

Birthdate 

Entry, withdrawal and reentry codes and 
dates 

FAMILY 

No. of children 
Birthdate of each child 

Public and nonpublic school attendance pattern 
Birthyear of head of house and spouse 
Mo/yr moved into school district 
Mo/yr moved into present dwelling 
Previous res idence 

New residence - when leaving school district 
RESIDENCE 

No of families 

For each family that has lived in the dwelling 
year moved in 
year moved out 

birthyears of all family members 
Sub area of the district 
IXjelling type 
Year constructed 

SUB AREAS 

The district sub areas should be well conceived 
and not changed unless subdivided. Do not use 
elementary school areas since these boundaries 
tjre subject to rluinge, especio when a school 
is closed or a new school const r» .ted. 
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Enrollment projections for elementary schools with- 
in a school district are generally difficult due to 
the small numbers and the fluctuating boundaries* 
In some cases, it is possible to group sub areas 
with similar characteristics - even if not conti- 
guous - and determine indicators such as dwelling 
yields, survival ratios, etc, for the group of sub 
areas. Then these indicators can be applied to 
the data in each sub area. Finally the projections 
for the sub areas that comprise the particular area 
of interest can be aggregated to arrive at project- 
ions for schools within the school district.. If 
school boundaries change, it is only necessary to 
combine different sub areas to determine the appro- 
priate enrollment projections. 

If this method of grouping sub areas to determine 
indicators, applying the indicators to individual 
sub areas, and '.g?,regating to arrive at enroll- 
ment projectlor. tor school areas, municipalities, 
etc. is utilize , then the sub areas need to be 
small and qi'lte homogeneous with respect to the in- 
dicators us( d. A sub area should be five to ten 
square blocks s 100 to 200 single family homes, or 
possibly an c artment complex. 

DISTRICT r\ND SUB AREA ANNUAL REPORTS 

Many reports siiould be generated for each sub area 
and for the district each year and saved for 
future reference. The basic information is popu- 



lation by age and sex; students by grade; number 
of dwellings by type; dwelling yields showing the 
population by age and dwelling type, and students 
by grade and dwelling type; migration studies con- 
taining number of families, population and student 
counts by head of house, age and year moved in 
as well as year moved out, and the extent of in 
district migration. 

Data and reports from other sources should be 
included. The Federal Census is an excellent 
source of socio economic data. Zoning changes and 
construction starts should be monitored. Non 
public school attendance should be documented. 
Area birth rates and migration indicators such 
as availability of mortgage money can be gathered. 

CONCLUSION 

Accurate enrollment projections require good data, 
analysis and luck. The basic indicators are past 
enrollment trends, migration, birth rates and 
dwelling yields. As long as these indicators be- 
have and/or remain predictable, good enrollment 
projections are possible. Other data collection 
and analysis is necessary to keep tabs on the in- 
dicators. Consistent data collection and report- 
ing permits variations in the trends to be ident- 
ified early. Appropriate analysis is then used 
to translate these changes into revised enroll- 
ment projections .« 
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C0MPUTER-AUGMT:NTI:D TrACrlER TRAINING: 
AH UNDERGRADUATE PROGRAM IN ^lATHKMATICS TEACHER EDUCATION 

by 

Portia C. Elliott: and Howard A. Peolle 
University of Massachusetts 



INTRODUCTION 

"Evontually, programming itself vill becone 
morn import- -xr.t evon than mathematics in 
oarly education." Margin Minp::y (13) 

The orecedinq quotation suggests a dra- 
matic departure from the proverbial three 
R's in olerontary education and nrophesies 
the inclusion of a powerful "P" — program- 
ming— in the curriculum of tomorrow. Pro- 
gramming is not to be confused v;ith pro- 
grammed instruction (PI) or narrowly con- 
strued uses of comnuter-assisted instruction 
(CAI) v/hich placns students in passive, 
rilmost docile roles by giving them pro- 
packaged programs with preordained answers 
and nroscribed paths to those ansv;ers. 
Rather, programiriing (in an education con- 
text) involves students actively directing 
the compjitnr to solve problems or to create 
original projects. Programming is funda- 
mentally a learner-centered activity — one 
which allowf. the learner to take increasing 
reSDOnSi.oility for his own educational des- 
tiny, 

R<^contl-/, other computer scientists and 
C'!ucator"» h.^vo envisioned programning in 
the element nrv school classroom. Dwyer (4) , 
Luohrmann (11), Milner (12), Panert (14), 
and Poelle (16) , all have advocated studont- 
controll'id cornutmg and non-exnloitative 
uses of comntitor technology in education. 
Panert* n (14 (r>. view of an ideal rela- 

tionshiD between student and computer is 
particularly refreshing: 

. . . technology is used not in the 
forn of 'machines for processing 
children, l)Ut ar, something the child 
hin';elf './ill learn to manipulate, to 
extond, to apply to projects, there- 
by ^fainir.r a greater and more articu- 
late master-/ of the world; a sense of 
power or aoT^lied knowledge and a solf- 
confidontly realistic image of himself 
as an intellectual agent* 

Many of the activities and concents in- 
volved m programming a computer are, in- 
deed, important to learn. The notions of 
"bug" and "dehuggirg" ; of algorithms (pro- 



cedures) and sub-procedures; of iteration 
and recursion; and of feedback and heuris- 
tics are intellectually "nowerful ideas" 
(to borrow again from Papert). They are 
ideas './e rely anon o^'^rv day~Derhans un- 
consciously — to process information from 
the world we perceive and to make decisions, 
plan, think, etc. In brief, these ideas 
are innortant tools which can servo as 
building blocks for further cognitive devel- 
opment. 1 

The question then arises: "What about 
teachers and their development?" What know- 
ledcfc and what skills should teachers have 
v;hen comnutor nrograrming is accented in 
elementary schools? The answer is not found 
in the simnlistic suggestion: "Take a com- 
outer course." Most (so-called) comnuter 
courses are not designed with applications 
for teaching in mind. And yet, if concepts 
of programming are valuable cognitive tools 
for students to have, are they not for their 
teachers as well? 

Unfortunately, teacher training in com- 
puter usage has been mostly neglected. In 
their report, "Factors Inhibiting the Uses 
of Computers in Education," Anastasio and 
Moraan (1) cited lack of adequate teacher 
training programs as a major deterrent to 
computer use in schools. The Conference 
Hoard of the Mathematical Sciences' renort 
(2) listed the following as one of their 
recommendations : 

^*^e recommend . . . the development 
of a variety of nrog ams for the 
training of teachers and of teachers 
of teachers of high school courses 
involving comnuters. 

T^ut , teachers themselves are notorious for 
resisting innovation. They seem to harbor 
a lot of myths and fears about technology — 
particularly about computers. For some 
teachers, the computer is seen as a vulgar 
intrusion into their private domain — the 
Cilassroom — and threatens their very jobs; 
for others, computers are wonder-machines 
which "can do anything" or (v/orse yet) are 
"smarter than neople"; and for many, there 
is a deep re luctance to use sophisticated 
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equipment— usually expressed as "No thank 
you . . ♦ I might break something** in order 
to avoid exhibiting iqnorance. These fears 
and myths are, of course, largely based on 
misunderstandings or lack of understanding 
about computers.2 

So, the problem for teacher education 
remains: How should we train teachers who 
will be exposed to computers and program- 
ming? Granted, not all teachers can teach 
programming effectively; some nay become 
expert in other aspects of computer usage, 
such as curriculum development. But at a 
minimum, teachers need to be able to convey 
the importance of knowing about computers 
and be able to arrange computing environ- 
ments which foster the development of com- 
petent learners. 

COMPUTER-AUGMENTED TEACHER TRAINING— AN 
OVr.RVIEW " 

A new teacher education program has been 
inaugurated at the University of Massachu- 
setts* School of Education under the title: 
"Computer-Augmented Teacher Training" 
(abbreviated CATT) . CATT is an undergrad- 
uate program designed to train prospective 
teachers of mathematics. 3 

The primary goal of the CATT program is 
to develop teachers* competencies, utilizing 
the computer where and when it augments 
their training. Three sub-goals of teach- 
ing competency are identified as follows: 

1. Developing Cognitive Competencies 

Development of competence in mathematics 
content areas (what to teach) ; and develop- 
ment of competence in methods of effective 
teaching (how to teach). 

2. Developing Affective Competencies 

Development of self-concept (confidence 
in teaching) expression and management of 
emotions (self-control). 

3. Developing Social Consciousness 

Learning the advantages and limitations 
of technology (what computers can and cannot 
do) ? understanding man-machine interaction 
(computer literacy); av/areness of critical 
issues in a technological society. 

COGMITIVK COMPETENCF!; KNOWING WHAT TO 
TCACM AMD HOW TO TEACH 

In order to strengthen teachers* cogni- 
tive competencies, the CATT nroaram offers 
training in both content and methodology; 
this is, prospective teachers are taught 
what to teach and hov/ to teach. Trainees 
develop their understanding of mathematics 
as they are ro-introducod to fundamental 
mathonatical concepts via a programming 
language. (See "Learning Mathematics Via 
A Programming Language" beloiif.) Trainees 



also become acquainted with pedagogical 
strategies for teaching mathematics effec- 
tively, emphasizing use of computer tech- 
nology and programming paradigms. (See 
"Teaching Mathematics Via A Programming 
Language" below.) 

Learning Mathematics Via A Programming 
Language 

Based on the idea Lhat "a good way to 
learn something is to teach it," teachers- 
in-training in the CATT program "teach" 
the computer. That is, they learn mathe- 
matics by communicating their newly assi- 
milated knowledge to a computer, using A 
Programming Language . 4 

The role of the computer is like that 
of a "model student. " The computer res- 
ponds only to explicit instructions; it 
does exactly what it is told (even if that 
is different from what one thought one told 
it) ; once it is "taught" something (like a 
rule) , it does not forget or distort it and 
can apply it accurately uoon command; and 
it is (usually) ready to accept more in- 
struction, tirelessly and obediently. 5 

Thomas Kurtz (10) and the Dartmouth Se- 
condary School Project staff are prooonents 
of this "comnuter-as-Duoil" approach for 
high school students: 

because we had to teach an icrnorant 
machine, we were forced to break 
the process down into pieces, ar- 
range these nieces in the proper or- 
der, and present them to our pupil 
machine and see if our instructions 
were oresented in a logical, fool- 
proof way that it could follow. Be- 
fore we made the effort to teach 
this puoil, we were forced to clearly 
understand the problem ourselves. 

The anproach applies equally well to teach- 
er training. 

Teaching Mathematics Via A Programming 
Language 

In this asnect of their training, pros- 
pective teachers become acquainted with 
strategies for teaching mathematics effec- 
tively. This includes the pedagogy of 
using the computer directly in the teaching 
orocGss. Not only do these teachers learn 
about computer use and its application in 
mathematics, but also they are sho\m how 
comnuter programming, in particular, can be 
used as a means for teaching mathematics. 

Why use computer programming in train- 
ing teachers? necause certain processes 
intrinsic to programming a comnuter are a- 
nalogous to some powerful methods of teach- 
ing. For instance, only by programming can 
prospective teachers learn to control the 
computer and **debug" programs (eliminate 
errors). Just as a teacher must learn how 
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to handle academic and disciplinary "bugs" 
m the classrooni, she/he can find strate- 
qies which work for "dobugging" computer 
pronrams. 

In tho role of "model studont" (describ- 
el oarlmr), the ronputer allows rno to do 
sono "nractico teachmq" — with no dotrimont 
to real studor.tsi ?'nc teacher treats the 
connutcr as a sinulated student — with no- 
t<*ntial for developing its innate abilities 
— and many observe the effects of different 
teaching approaches, 

A var:oty of nodagogical strategies to 
the nrosDoctive teacher. The strategies 
are actually a set of heuristics which 
teacher*- nn ' use to facilitate student 
learnmq cic*: ivi ties • 6 For example, thoy 
night : 

— Uro I'Mpnlativfj 'laterial^ 
— T.ncour-jco Articulation of Thmkinq 
'^roc:os3C«i 

— J'ncr.ir^io A«*- xculat.ion of Dnoticnal 

Reactions 
— Allov; Increasing Learner Control 
— Change Pedagogical Strategi'^s 

Arri:cTiv^' cort^rTnncr:; <^FLr-co^:?';oL amp 
coNnnn^ic- in tp:achi:ig 

In or or to devrloD the affertivci com- 
nof^ncirs o** tt'^achers, they are tilarei in 
nrtxvr^ lo-rn:^a environn.-^nts — e'^.vvronnents 
m which 1 oth '^ucce^.*^ an ! failure nre like- 
ly to occur. (This IS characteristic of 
tho tyn7 environment in whicii they will 
ho oventua;]^ teaching.) That is, by ac- 
tively dealintr with their own emotional re- 
actions to success and failure, prospective 
teachers am innrove their self-control and 
dr^velon cnnf idence m their teachina abil- 
: ty« 

Or.Cf« a am, the proaranning oaradign 
helns. *'k n 3 teachor-m-trainim writes 
a nronr.m, it either \;orks nronerly or it 
doesn't. ""uccoss or failure is easily re- 
cognized, ny contrast, in human affairs, 
success and failure are ofttn anhiauous and 
difficult to itientify. 'Jhen a program is 
the obv'ct of attention, there ran be joy 
m leeini tiiat "it wor';sI"; or, of course, 
tiiere can -e frustration caused bv irre- 
nressiblf) "bug^". Fiut, m either case, an 
enotionnl r^^iction is illicited; and that 
reaction is explicit and focused — but not 
at another pnrson — naVmq it easier to 
cJeal with. 

Learning to nan age o enotional re- 

actions can be facilitate / the presence 
of a co'^out<*r. Uhen a nrogranner is suc- 
cessful, s!je/ie has a rerliun available for 
automaticall'' and proudly displaying results, 
'■^hen a '5roqranner is not successful, she/he 
can debijq t'le progran m private consulta- 
tion with the computer and work throuah the 
acconoanyinq enotional stro«3S without any 
additional social enliarrassnent. Tlie moti- 



vation for dealing with failure construc- 
tively is stronq--for things will certain- 
ly not get any better unless you do some- 
thing about it. After all, the computer 
cannot fix your program! 

f^nCTAL CONSriOUr^NESS: COMPUTER LITERACY 

In order for teachers to become more 
aware of the extensive commitment our so- 
ciety has made to technology, the CATT pro- 
gram is designed to develop their social 
consciousness. Cognitive and affective 
teaching competencies are not enough. 
Teachers need to know about the advantages 
and limitations of advanced technology— in 
particular, what computers can and cannot 
do. 

Developing such a "computer literacy** 
is important if a teacher is to effectively 
deal with problems of a technoloaically- 
oriented society. Several studies of com- 
puter use in education have citod computer 
literacy a^s a high priority. 7 Accordingly, 
the CATT program prepares prospective teach- 
ers with special skills, such as ability to: 

— Identify cases when technology is used 
as a shield behind which decision-makers 
hide, e.cT., *'The computer gave us this 
ancwer" (school busing route) ; 

— Critically analyze curriculum materials 
for necative racial or sexist overtones, 
particularly computer-based curriculum; 

--Debunk nytlis (e.g., computer omnipo- 
tence) and assuage fears (e.g., '*The 
computers are after our iobs"). 

These skills translate back to computer 
literacy. For, as Alvin Tofler (17) out it: 
"Tomorrow's schools must . . . teach not 
merely data, but ways to manipulate it." 
The computer i£ man's most powerful and ver- 
satile tool for manipulating data. Indeed, 
it is a supreme symbol manipulator — perform- 
ing instructions at speeds measured in nano- 
seconds, which far exceed mnn's own capabi- 
lities. 8 

nut, the maior reason for including com- 
puter literacy as a significant component of 
a teacher education program is not so that 
teachers (or anyone else) will compete with 
computers. Rather, teachers should be at 
the forefront, charged with the responsibi- 
lity for teaching computer literacy (along 
v;ith other essential literacies) . They 
themselves mu>t, ther^^foro, learn how and 
why comp\iters are used. 'Specifically, this 
involves : 

— KnovJoiige of computers (what a computer 
is; .(>w a cori}-)Uter works; etc.); 

— Knowledge of corptiting (information pro- 
c^ssinxj; alaorichms, etc.); 

--Knowledge of applications (what compu- 
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ters can do/can't do) ; 

--Experience in computer usage (man-made 
interaction) ; 

--Using computers in teaching (computer- 
esissistcd instruction; computer-managed 
instruction) ; 

--Programming (how to control the compu- 
ter) ; 

--Issues and Implications of Comptitor 
Ubiquity (data banks vs, privacy; arti- 
ficial intelligence, etc*). 

CONCLUSION 

In summary, the CATT program described 
hero has several distinguishing features 
which make it unique in teacher training. 
First, the computer — and A Programming 
Language in particular~pTay a central role 
Tn thn dovolopmont of prosnnctive mathema- 
tics teachers. Socond, modern technology 
is interwoven with traditional teaching ap- 
proaches and content is blended with meth- 
ods to make a pal table mixture for teacher 
trainees. Finally, the program stresses 
development of cognitive, affective and so- 
cial competencies in prospective teachers 
to ensure that future learners will have 
teachers who are more knowledgeable, more 
sensitive, and more humane. 

NOTES 

^Some preliminary research efforts have 
attempted to connect Piaqet's developmental 
theories to the learning o^ programmina con- 
cents. r>ne dissertations by Michael Folk, 
"Influences of Developmental Level on a 
Child's Ability to Learn Concepts of Compu- 
ter Programming," (Syracuse University), 
19 72; and Joyce Statz, "The Development of 
Comnutor Programming Concents and Problem- 
Solving Abilities," 1973, (Syracuse Univer- 
sity) . 

2 

For further oxnlication of this point, 
see nork (3) and Peelle (15). 

^While this program is open to prospec- 
tive teachers of mathematics at all levels 
— elementary, intermediate, and secondary-- 
it is described here only in terms of ele- 
mentary mathematics teacher training. (A 
complete description may be obtained from 
the authors.) 

4 

APL (A Programming Language) is a gen- 
eral-purpose interactive computer program- 
ming language developed by Kenneth Iverson 
(7) and supported by inM Originally con- 
ceived as a unifying matheriatical notation, 
APL is a language with simple rules and yet 
offers a user great computational nov/er and 
flexibility. APL has been anplied success- 
fully m fields such as business, scientific 
research, and education. (See iverson (8).) 



If a computer is not available, the ac- 
tivity of "dry" programming is still valu- 
able for cognitive development. See iver- 
son (9) for a description of using A Pro- 
gramming Language as a notation for clari- 
fying concepts and procedures. 

^These are "heuristics" in the sense 
that they are not guaranteed to work for 
all students at all times. See Dwyer (4) 
for a broader description of "Heuristics 
for Using Computers to Enrich Education." 

^See, for example, negle (2). 
g 

In the area of pattern recognition, 
however, the comouter does not fare as well, 
comparatively. A major area of research in 
artificial intelligence is devoted to what 
humans regard as relatively simple tasks of 
pattern recognition, such as distinguishing 
between (script) letters of the alphabet. 
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Many college and public school teachers have, 
withm the last few years, found that the tradi- 
tional lecture and test method of instruction does 
not meet the neod?^ of their students for adequate 
mastery of course materials and interest m course 
content. This has led to a search for new instruc- 
tional methods and has resulted m the implemen- 
tation of open classrooms, independent idy, 
modulari/.ed instruction, performance or competency 
based instruction, and other non-traditional 
methods. A necessary ingredient for the success 
of several of these methods is an effective test- 
ing progran which incor{X>rates the development 
and administration of test itoms and the- analysis 
ot results. Several people across the country 
have recently started to use the computer for help 
in thfi testing process because of its storage 
capacity, ability to manipulate large data bases, 
and analytical capabilities. Most test-related 
uses of the computer have been oriented toward 
test scoring and the development and evaluation of 
large pools oi items. For example, tests might t>c 
printed by the computer and copied for the stu- 
dent.s who rcsjx^nd using mark sense forms. These 
form:> are fed into the computer with item identi- 
fication information and the resulting data may 
be stored and used for later analyses. An excel- 
lent review of iieveral computer assisted test 
construction projects is provided m the March, 
1973 issuc» of iMucational Technology . 

Origins of the Computer 
Assisted Testing Project 

At the the University of Delaware, several 
faculty m the College of Education have devel- 
oped courses that are partially or completely 
designed to permit independent study. They were 
especially cor.cerned with ways of pe-mittmg 
students to demonstrate mastery of each curric- 
ulum module or unit It was believed that the 
learning process could be improved by permitting 
a student mere than one attempt at a criterion 
tost, but thi:> would require several different 
cupiei> of a test for each unit. To solve this 
problem, the faculty turned co the computer. 

In 1969 <i computer program was developed by 
Teresa Green to generate randomly parallel tests 
wiLh a specified number of questions from a large 
poo' of test questions. Test questions were ran- 
domly selected •:hdt any itt»m mi<|ht appear on 
any copy of the test, but the same item woL.ld not 



appear more than once on a particular test. A 
blank was provided for the student to enter his 
response to each question, anc a separate strip of 
the output was reserved for the answers. This 
answer strip could be separated from the printcijt 
containing the questions before the test was given 
to the student. An instructor could then compare 
the strip with the student lesponses and easily 
grade the test. The randomization of the questions 
made it possible for a student to take a test two 
or three times with a low probability of seeing a 
question repeated. Note that each student had 
his own copy of the test printout; tests did not 
need to be reproduced m the usual way. 

The basis of this competency-based nodular 
learning process was carefully specified behavioral 
objectives to gu?de a student's study of assigned 
reading materials. A student's grade depended upon 
the number of points he accumulated for his work. 
The tests were criterion-referenced in that a 
prc-specif led minimum score had to be achieved 
before credit could be granted for the unit. 
Clearly, it WcS advantageous to permit a student 
to takf; more than one test on a unit to insure 
that he had reached an acceptable level of compe- 
tence 

Based on our experience, the paper 

and pencil tests have worked reasonably well but 
they have several disadvantages. Several hundred 
tests must be generated periodically and carried 
to the testing location. Answer strips musx. be 
separated from the questions. Someone must always 
be present to distribute and score the tests and 
periodically file them. With large numbers of 
tests and students these tasks are time-consum- 
mg, arduoLiS, and likely to result m errors. 

As with all paper and pencil tests, students 
have the opportunity to view all questions at once 
and may obtain aid from one question in answering 
another. The students, of course, may see this as 
an advantage, but it may lead to large differences 
m test difficulty so that any given test may not 
provide a true indication of a student's knowledge. 
This IS especially true if several items refer to 
oie concept. For the courses that have been 
developed thus far, this problem has not been 
especially noticeable, but the potential for 
difficulty exists. 

When t<*st items are us^d r'^poattdly, iJ. is 
desirable to obtain item analysis d^ta for the 
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evaluation of the items. In this way, items that 
are especially easy or difficult or wh*'::h are con- 
tusing or misleading can be detected and rewritten 
as necessary. With paper and pencil tests, trou- 
blesome Items can be detected through discussions 
with studerts, but the psychometric properties of 
the Items cannot be determined because the random 
nature and the large number of tests makes the 
application of item analysis techniques quite 
difficult. 

The computer Assisted Testing Program 

A solution to several of the problems with 
paper and pencil tests, and the next logical step 
in the esting program, was the development of an 
administration process in which the computer 
administers the tf^st directly to the student. An 
additional reason for taking this step was the 
desire to introduce education students tc com- 
puters before they encounter computer facilities 
in schools m which they will soon teach. Final- 
ly, this was seen as an important step toward the 
establishment of a comprehensive computer assisted 
instruction and computer managed instruction 
program which would meet a critical need within 
the College. 

Three cathode ray tube (CRT) terminals were 
ordered and programming was initiated in December, 
1972. The first students took tests via the 
terminals m April, 1973. Initially, the program 
was very simple, but extensive improvements have 
been made, three more terminals have been obtain- 
ed, and, recently, upwards of 200 tests a day have 
been administered. 

The SIX terminals are presently connected via 
300 baud acoustic couplers to a general purpose 
Burroughs B6700 computer that handles all the 
University's computing. The testing center is 
open 50 hours a week and is staffed by one full 
time proctor and several part time student proc- 
torc- who provide assistance to 800 or so students 
taking the independent study courses currently on 
the system. Shortly after the start of a term the 
students generally know what to do, thus freeing 
the proctors for additional duties such as data 
tabulation and maintenance of student files. To 
provide a backup m the event of occasional com- 
puter down time or when the student load becomes 
too great, paper and pencil tests are available 
and are administered and scored by the proctors 
when required. 

In our system the students* interaction with 
the terminal was designed to be as simple as 
possible. All student responses are set up as 
formatted input, the student answers each question 
OS It is asked. By faculty request, feedback is 
provided after each response, and a student con- 
tinues to respond until he selects the correct 
answer. A comment option xs provided that permits 
the student to ctore a narrative comment for each 
question and for the whole test.^ These comments 
are incorporated into the student record file for 
later review by faculty. Upon completion of the 
test, a summary of the performance is displayed. 

The program contains a number of options for 
controllmq the interaction with students and for 
generating a variety of student records. Items 
can be sampled from the item pool with or without 



replacement for specific students and/ or specific 
tests* Feedback can be modified or eliminated from 
the testing process if desired. 

The data base contains identification, item 
response, response latency, and comment infor- 
mation for each test administered. Several 
options fo; »enerating student records are avail- 
able. Both *-.tudent-oriented and item-oriented 
outputs are provided, and several parcimeters may 
be manipulated to select on differ' it attributes 
in the file. This student records system provides 
a powei 'ul means of analyzing item responses and 
improving the item pools. 

A new addition to the program is an automatic 
records-keeping routine that automatically stores 
a student's score m a separate file. Thus, all 
scores for all tests are directly addressable for 
each student. This file is dumped periodically tc 
permit students to review their progress and to in- 
sure accuracy of the results. Of course, at the 
end of the semester this file provides a complete 
record of each student's i-erformance. A_ special 
utility routine permits tne addition of scores 
from the paper and pencil tests to this student 
scores file. 

Student and Faculty Attitudes toward CAT 

Student attitudes toward the use of computers 
.or testing and instruction *?JYe been assessed 
with a 59-item questionnaire for several terms. 
Attitude information has also been gained through 
the use of course attitude surveys and through 
discussion with the students. In addition, perfor-* 
mance data for one course have been analysed. 

In contrast to normal uses of attitude 
surveys, we administered the form both before and 
after testing anl were able to assess changes in 
attitude. The pre-testing results i.ndicate that 
students have a slightly positive attitude toward 
the use of computers for testing and instruction, 
ljut are concerned about the mechanical aspects 
such as the ease of operating a terminal. 

The first major use of the attitude ques- 
tionnaire was during the spring semester of 1974. 
This turned out to be a period of numerous problems 
and problem solving activities for our programming 
staff and the Computing Center staff. System 
crashes and program difficulties occurred more 
often than were desirable. Consequently, 
It, was not surprising to find a decrease in positive 
attitude toward computer uses for testing and 
instruction. However, on the Likert-type items, 
the means of the responses were typically rather 
close to the neutral point which, under the circum- 
stances, indicates that the average student will 
accept the use of computers for testing even ii he 
encounters occasional computer problems. Further- 
more, student attitudes w^re more positive toward 
the mechanical aspects of the operation; students 
found the terminal ofieration easier than antici- 
pated. 

(1) This questionnaire is an extensive revision 
of one de»-eloped by Bob Brown at the Pennsy- 
lvania State University (Brown, 1966). 



Despite the difficulties encountered by the 
students, an independent course evaluation con- 
ducted by the instructor of a psychology course 
(for which 400 students were takin? tests via the 
terminals) indicated that students strongly pre- 
ferred the testing by terminals to the more tra- 
ditional testing process, and they thought they 
learned more than in a "traditional" course. They 
viewed the computer quizzing as a very valuable 
aspect of the course. Almost all students m all 
courses gave high marks to tlie opportunity to work 
at their own pace, knowing the results after each 
question, and being able to take more than one 
test. As night be expected, there were some 
students who intensely disliked the use of term- 
inals or were afraid to use them, no matter what 
the environment. 

During the fall of 1974, the computer and 
programs worked quite well; the environment was 
about as good as it will get. A mid-term ques- 
tionnaire was administered to 130 students . 
'Imeteen percent reported they were afraid to use 
the termi.ial or hated to use it. However, thirty 
perce.^.t enjoyed using it, 32 percent didn't mind 
using it, three percent had no Cj>inion, and 16 
pi-rcent preferred not to use the teminal. Most 
of the negative <;roup seemed to be con erned about 
seeing the whole test and being able to go back 
ind change answers. However, questionnaire 
results indicated that this problem decreased with 
increasing terminal use. 

Typically, on course evaluation question- 
naires that permit students to specify most liked 
and most disliked features of the course, the use 
of terminals is mentioned about equally in both 
categories. This seests to be independent of the 
ability of the student, his total attitude toward 
the course, and the testing environment. 

The analysis of scores for quizzes tak'>n by 
the same students on terminals a.nd hard copy 
indicates that there is r.o marked difference in 
performance. It appears that the use of terminals 
makes little difference even though some students 
feel that it does. 

r**t«ilty have made oxtensivo use of the item 
analyses provided at the end of each tern. 
Corrections, additions, and deletions to the test 
question file may be easily made using the time- 
snarmg editor. Faculty who have incorporated the 
CAT process into their courses have been quite 
satisfied and have continued tc add units and/or 
questions to their files. 

Discussion and Sumtr.ary 

The cotr.put»>r assisted testing model that has 
been developed has several advantages and some 
disadvantages for all participating. From the 
student's point of view, the advantages of this 
approach are: 

(1) The self-pacing capability allows stu- 
dents to work through the course at whatever rate 
suits them. 

(2) The provision of immediate feedback 
makes the testing activity a learning as well as 
an evaluation experience. 

(3) The multiple testing opportunities 
provided for each instructional unit permit most 



students to achieve most of the unit objectives. 
Anxiety levels are typically lower than for tra- 
ditional tests; usually, the whole grade does not 
ride on one or two tests. 

(4) The independent study format relieves 
the student of the task of listening to lectures 
on content he already knows or could easily learn 
on his own. 

Some of the disadvantages, from the students' 
viewpoint, relate to the instructional materials 
used and/or the lack of alternative ways of 
demonstrating achievement of unit objectives. The 
self-pacing fea'wure allows students to procrasti- 
nate so that there are always a few students who 
attempt to take all the tests during the last 
week of class. 

From the instructor's point of view, CAT 
confers at least four advantages: 

(1) The level of student achievement is very 
high- Comprehensive pre- and post measures taken 
over several semesters have indicated that this 
method is superior to the standard lecture ap- 
proach used previously. 

(2) The role of the instructor who uses the 
independent study approach changes considerably. 
The bulk of his time is now spent in developing 
and revising curricular materials (both instruc- 
tional and measurement materials) and tutoring 
students who experience difficulty with specific 
concepts or techniques. The latter activity 
provides a great deal of useful guidance for the 
curriculum development phase of his work. 

(3) If desired, supplementary activities 
which facilitate transfer of training and the 
enrichment of student learning can be added on. 
Such activities nay include lectures, field trips, 
short term internships, research projects, etc. 
The point IS that the CAT model, with independent 
study, frees the instructor of many highly routin- 
ized functions associated with more conventional 
approaches and allows him to engage in more inno- 
vative and profitable activities. 

(4) The independent study CAT model allows 
the instructor to turn an entire course into an 
ongoing research laboratory m which he can study, 
m a very controlled fashion, the interrelation- 
ships which exist among CAT system variables, 
content variables, and student variables. The 
opportunity to do quality and productive instruc- 
tional research is an invaluable aspect of this 
approach. 

At present, three possible problem areas 
associated with CAT can be identified: 

(1) System reliability is of utmost impor- 
tance. The implementation of the sophisticated 
CAT system on a large multipurpose computer 
attempting to satisfy the diverse and demanding 
user community resulted at times m an intolerable 
number of system failures. Clearly, reliability 
IS a necessary condition for the success of any 
CAT implementation. Fortunatc-ly, most of the 
problems seem to have been worked out and we feel 
lustified m expanding our activity as additional 
resources become ava ilable.^ 

(2) The security of the test item bank is of 
continuing concern. The CAT approach requires a 
higher level of security but, by its very nature, 
it IS. a very difficult system in which to maintain 
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security.. At present, security is maintained by 
a maze of user and project numbers, through using 
the icon tile m packed form, and through using 
spocial keys on the CRT keyboard to permit access 
to thf testing program. 

(3) Resource allocation is a continuing 
problem. Once the success of such a systeri has 
been demonstrated, demand grows. The problem is 
further complicated by different production modes 
and research demands on the testing. The reso- 
lutiofi to this problem depends heavily on the 
prospects for acquiring additional resources 
and/or reordering the priorities of the academic 
units involved. 

As mentioned above, outstanding opportunities 
are afforded by the CAT process for conducting 
several kinds of research. A few areas for re- 
search are related to the following: 

(1) Testing time la always at a premium. In 
CAT courses, students spend a great deal of time 
testing. Th»irefore, testing efficiency is of 
great concern. How can the maximum amount of 
information regarding student achievement be 
obtained m the least amount of test time? A 
niinb^r of researchers are currently working on 
this problem. Some potential answers may lie m 
sequential (or tailored) testing, in the appli- 
cation of Bayesian techniques to item selection 
and analysis, and possibly in tne use of confi- 
dence r.easures. 

(2) The effects of variables such as type of 
feedback, spacing of testing opportunities, size 

and nature of the item banks, setting of mastery ^ 
cut points, etc., on student learning and atti- 
tude:; have yet to be systematical 1-/ studied. 

C3) At this time, we know very little about 
the ways in wnich students use the CAT system. A 
catalogue? of such strategies, an evaluation of 
their relative effectiveness, and the determin- 
ation of whether or not they can bo successfully 1 

tar.t at this tim'*, 

Comp'iter assisted testing h.is unquestionably 
••xpar.d^a the repertoire of instructional strat- 
egi*'*^' available to faculty. However, the full 
r.tn ;t of ^he effect ^ of such strat<clies on student 
l«*arr.i'i) ti and attitudes toward course cop.tcnt 
havo yvt b»^ assessed. CAT appears to have 
groat pot'-ntial; a systematic exploration of its 
usefulnes.^ is now m order. 



Brow:., B. F., An mstrun'^nt for the measurement 
of cxpresser! attitude toward computer- 
<isr»is''^d instruction. In Semi-Annual 
F'rogr»*ss Report tio. R-5, Expenrtentation 
• with Conputer-Ass I sted Instruction , prepared 
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.r . D, roc tor o' Aj'^Isst^r-a :'kJ '^rrimcj includes not only new dpplic«in?^ who were 

'•' ■ '■■ Sir..' T r Z<:'l Svsr-".^ ro:f>rt Jda*jJ day oefore, but also on update of 

^ : Tt ■ '5J'^.'^liS^r J'. .0 >f:t^'ir - t^o sfviJirr>T r-ecords that wore already or» the AS:<. 

-v: 1 ^ ' ^^■•^.var,*> jnc So 1 ^Df'^en ! . rtew aDpliCcants are adcied to tht* t i !c, a con- 

Ojti ,,3fv'ns c DC- pjter printed label i^r the le^^to** of 'iCKnowledg- 

' ■ -.•"."jr^ ir--is: M) : I'-'i ,- r^-'-ni ;^ v^^"^"'^^**^d ona by this rroj-s wO ire able 

' '» r ; 5- i ^ ) s'j'j^n^ to -^.'i*, t pr^jsp^'C * i ^e s'^.de''. * jf^Teliiroly that 

■"i"-' r--:> : ;■ : ; v-""' j-^-" r 7 » r'" : m- ipp 1 1 i(.n has be'^n received. 

*■* ■■ ' • "i -'.oT'-ir r^iport furm'sned 'r-'^ Aa'^I ss'O'^o Office 

■ .: :j' bSs^a i Ac^i'^sior. « • I P^r^ort 

^ 'AA?*}. f h«:' ::r»_"d*>nt i -1 1 s n-.-ceSS rrv •'•r: \n rethod 

^* ' : i'" 3> i j: T" I . J ' ' ' J i . > ! jr.' pr ^^^rar^el , a*"..' a he'; '^e re- 

■ " : .: : ' * : : _ • ^ t- j : r-- -^j^e bv'-^ r»^,el.-':, *^v nc.i^^r.t's 

: • ,-^^>r ji ' j"-- ' . : ^ *■■!■' :M / p i ^.^^rl ' 'h*: AA^. Tne 

' " >• ' ; . : ^.m ,. .- i t ■ ! 1 r-^\i^^e^ t>\ ?^ id""*" ss:ons 

• . ♦ i . ^ I ^ : ■ : ».'•-.. 3' : .-J ojS-s i^ n--o<--:, th-- 

* ** j: ; ■ , i * ' ' , : V J" .r pi* ■ j-- ' ;'"-*J, an-: •'€■ i*^*' • j 

t " : : .r-*',. -^.-j-s j-i^A-;^'^^ r#— •'^'^j'*-r ^, :.4J-t'» "^o pro-i'j..» ho^rs 

■ ^ : ' . i .-i • • r .r ! J ■ . ' : * ' ;: - r- " ' • -r -im^ *^ ^ --I le^" ; * "ev ;■■ > :r-» o :o J ;i - 

' ' '■•» . - " r^*" AA^. The AAR 10 a*s? .r-i*';J '^r 

:r'^ -> J ' * r*- .'t!*: - j'! ^rsen This i^ r^'^o •'S'^''- j *he 

'J ; ' i*^ . ■ { . J 5 * . 1 _ ^-f^^ J i: » * e'i | <■ r '^-r ^ < > ^ 

A ' ■ . ;a • .- I--*"— " . -'r' i- ' •> ' . " 1 " *^ jl so 

•'**:." . ■ : * •■ ■* . A- ; : I : • i. : • ■ * j' • ■ : i a 'r^: • ' - '•j . ' '-^ • , • .j-'; r 

*' . ."^r ■ !.■• . ■.■:••». .. - ' t:*^ iT'-j • " o _-».■! ■ .:rs*»% 

. r , ' : ■ : * » • : I . • r ir • * * ^ . «■ ^ j ' : " » . ■ * • ♦ j : . ' r 

^ '" t' " ♦.■'^ :s • . ...... . f ir*- : .-rT.i r * rtTi" . r»'r j» : :^<rir> 

J , • » —»■•': ■ ; j ■ ; r ; " * 1 •^»* ^■•''•'i? rfir.»> ^.^ rrf. 

I*" V •*;'.»•'■.'*■*■-, i^T* r-'-rt -r f i> 

^■^ : " s r J" : i J. ■ " * • ■ •■•A^ r , ■ . . • ■' If-"*' * ! f ^ "^.j * ^ - ' , irr ? ■> : 

. _ ■ ■ • A * - ■ ■ ; . ■ • • , . . • »^ . .: i J _ 

: - : • « ■ ■ . .. ■ I*' ■ *r..' 1 I.'r I . > ; T y i J'^ hi : r iT* I • , 

-"'"r.'l-^j ,-*'s. 'si" i! i I . i' » . ^^r f-'-'::! t^-r 

■ J- : : , r- : A-; r • • •♦'*•» •^•J" » f i v* r .j:; • ;ir — ^ 
" : " • i. ' ■•■■'I : ' .»"•■» >•■■•"> : • ■■ . i^^- • . • , : l*^ . * ::■:•!» j • : ' 1: " i : I y 

/ . ■ ; S'jf'f >*»T sr-pl""*; • r j", .'f I, 7, V"; Ijrj" : f^oi^f^ ''f Aj^{|,?j Ai*^ 1 f^inifnufi 

. • .'..r ^ jr J-.-} T" I , - «-r ' tl . r*;, rr-, ^-'fit.'-J 

: t . r • J' • I .■ ' : 1 : ■■^ w 1 • r ' it • j • • ' r^r : 1- • 

'••■'/»■; j; ; I . : * 1 " * '■ r > .'^'■r • .-■r'^ , • r •» o'' ■ • ^ ' i ^* • . 'j !r i 1 * 1 r j . • ■ r.f 

'"rr, j*^ : ^ > t ., f ^:>r t • : t-'T'*. ' .f*.. 

•■K^. ' \ , t , i *'ri> A ■ < ! ! r ■• * i • ■ r« » * I * ' » * i I * ^' if*-) t f is * : .ri» ♦ , 

r" ;».■ ■ I M ' . ' :>».!':• . * T t '■■•».■ I* , 1 1 . 2- • ■•■r ^ ^ t »• , > * i: *■ , . , 

. I i * • r ' p * > r ■' » ' » . •■ . . ^ *— »''' ' '■'^ ■ ' * J » ' ■ • ^ '^r ■ t"' . 2 M«» ir •• 



ERIC 



IS that we jr.^ jble :> periodica! I v ""ecuest a 
lerfer which 'njlci+e> ro ^he stL.do*".'" the cre- 
ienr-ats n«?ces^irv to complete nls admissions 
reouirefren^s. Multiple copies or the ASR .^re run 

o^ui CjnCLiS «3r- jwcjre of rn'=» curroft -status of 
e3cTi dop I I V, j*^ r . 

^e*t*ra. 'TXDnths prior ro reji s*rar ion, we 
-ec'ce on TPe nur.De«^ or rime pern. Its that we 
rtis^ to ha ye *or ocjcn period on each campus. 
'♦'M s Is Jetef^inel Dy projected enrollment an^j 

11 sTr . Our ion the flow of stuJenrs for 
•ne "^'o-* :jy rej. 5rraTio'> oerioJ. The first Jay 
we '"e;isr-*r '-orj-^-.n^ stujents only anu* tne last 

c2avs Ae reais*er sroJe"»ts. we ao sepa- 
":j:e ja# r»^jl s rr jt Ion fron nJohr regj strat ion, 
' ; 'nj* ""^os*? who 'rtlli itrt»n.jinv3 Jay 
:I "jrin : rr>€* Jay, inci f^ose wn^ 



! 



^i'^z class at niant, r^Qister 2T 



wl I f c-^ 
i * . 

A**f»r -,7 ,.^.^r>r is a-T.itrerf -r^e col loge, 
aJ'^»>» ' f ; z,''o<}^ ir^ perorates a "achine- 

sr-.jent that ho is 
:"'*'"*ei ' wOlioi-' i'" J tiijO puT*^es an 

i:y >;'^ arj, h^ ' z'\ •> "^orAarJoJ c^e-jts- 
*rar's * • CO. r''"e.; ~.slv '^e'^r 'one:i, tne 
j'-Je"* ce:;w'"es a oro-i ■ ent'-y *f>c Admis- 
">.ois ^fa'ii ^**D^r?. 

'•^•^ a;:y'>cr :a'd "^i^. s'-Je^^'s nane and 
i I J .r '/ ".^f^D'rr ;. ^ " "vJ i* j.nd Space 
'^r j^* i "o ^''Te*^. ^^e st -'le^.r 

c'l^i *•^ I = : i a'^:; j r'*"*? ;,er'"t* r register 
" "-J .-'d^'s ;rinr *s re : i s trcr i o<" 

- ' ^ * •">•» C -u". ' C'*!,":' were ""e 
"'•'s .%*••* • ^".'^S"' rvi-rit'''^ • % i^'^^'^ed 

:--rj — : --->e -.'-d^-- ^-^ arj. 'h's 

J*" 1 , '•^* ."'-s 't ' ^^'^ s'-'J'^'*, a'"i 



.1 jr 



1 !r. 



"^e ■ u'^^-r — .".iN?: rths' t'ii', -jr*l- 
r: w}^ i- J 1^ r«— 



covjfse or laboratory.) 

When registering, the student must present his 
advisor card and time permit at the admitting 
door. At station "I*', a faculty member makes 
certain tne student is registering at his appoint- 
ed time, and it so, allows him to enter. 

At station 'V, returning students are given a 
copy of the»r permanent record at Tarrant County 
Junior Col teg?. This copy lists all courses 
taken, the grade earned, the grade point average, 
ore. 

After being counseled, the student* knows what 
courses he should take and enters the sectioning 
roo'ns, station "5*', which have signs listing the 
:^Q^^r\v(\QT\\s on the outer doors. He goes to the 
appropriate department tables and requests -what 
courses he wants and the desired time. The fac- 
ulty member records the course, section number, 
days, time, building and room, and gives depart- 
mental approval. The faculty member records this 
information on the advisor card from a report 
generated by tne course master called the 
Enrollment Status Report. 

Prior to a registration period, this 
Enrollment Status Report is distributed to each 
d*^partment and taped down on sectioning tables, 
r^e Enrollment Status Report is similar to the 
course master, but co.ntains information in the 
sa-^e orcer as is on oijr advisor card. It has the 
co-rse, department, ftu'^-ber, itle, the jnicue 
sectio.n nuTber with the suffiX letter, time, days, 
rooms, 1 n^jfjc tor , enrollment maximum, and dif- 
ferer.ce. These last three columns always allow 
.s to <noA YxOh manv are enrolled, maximum al'oca- 
'io'^ for the course, and how marsy seats i"* class 
'•-'*'^a.n. Af t-T 'joct io.ning the student, the 
*'!Cjltsr '"ember wi M si'^ply tally a one (l> to the 
rfvjnr of the diff-erence column by hand in order 
"~ i'vO" jp *it.h ho* manv nave signed up tor that 
:,:r:i .j'ar o^rse. .-.e have a great dea i of floxi- 
r . ' i 'ry jsiny 'his reDort in registration to 

"lOT s?u'ie'"s. It is accurate inforr-at ion, 
a' ! we 'lo'. r^' 'his repor?^ at any *lne. 

stjl',"^' :r"^s to each ^^p^rt'^'^.nt listed on 
? *i a:;visf»r lar : vjr'il ho has co^-rle-eJ nis s'~^^ed- 
A'ter*a'"f3, *^ie r*^oort5 to station "'i" for 
'•:■:•« :e'' <^ c^-?^". "e thei proceeds to station "3", 
w'^I.h is 'ViH'^ed by fojr <eypur*^h operators vvho 
^'eyo^nrh the -s-chedjlo card and C jpliCrJte other 
:or';s *vr 'uc. pac^<et. The/ will loo*<. nnly at the 
s-'^'^'i^'^ '^s^f'ter colijr-n on the advisor card for the 
^^t^t^^'i *our di jit SO' t ion nu'^.ber and key-ot-nch 
Tf^ose "ho ' i'l'Jds provided cr. tne sch^^dule c^rd, 

"^f'er th"^ o:»^rators r-unc.^ the st'he^jle card, 
"he it^dct pr;,ce*':s ^o station "6", i^ejiat^jly 
i,*>nin; fh*? •'eyp inch s?atton, rnanned by tou*" 
<i *'j'Jer 's Ah ^> jr-p I y checK thfj Keypunchf?d '"ard 
i'l^stn^t rri»- :i/i-,or '.'ir*. tn v'*rif\ there have nc. t 
tj-i%of. JMV"r'*»d .'"ber' or orrors . och^^dule 
-•jr d f <i f ' — 1 1 to be s'^n t to th<» ' o^o ^ • er 

'er . ACtP'^v i'*'!'*""l\ •/'/'■'•y f I v*" '"irt.t'-'S, r i*^-- 
n.;r'. at »'5ti "1 "» " '^.jr-y s h'^lji*^ w,ar " th*. 

• ths" p ^Jnt, the stod'^n? proc*"''d'^- r - 
' tvj t i -in "7" 'o"" 3f' I .D. All <i t tjden t-^ h jv 'hei r 
dJ tijf'^s '"si" a'. 1 r> » 1.0. cards. 

T*ie '>t'j'J*»nt »h^n pr'^r*>*>r«s to s-atior. "A" ?o 
?ill jt;t aut > r*--,i s rrat ion card and all re'^ainm^ 
' ar'l' , th*'^ t" '>'ati^'^ "0" for health 'j*>ryi^os 
i r> f or<*»,» t i'>r . A' sJation "10", the autr. r*>'}i<itra- 
ti'>n ' jrd I., <» ■':,h jng-^d ^or a parkl'iq '>ti'ker. 
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At sTdtion whi.n is directly across from 

rhe ^^orputer c<?nter, ho wails for nis k.omputer 
schedule. !n the fan semester, when everyone 
has to receive a new 1.0. card, chances are this 
.-ifCwlv Alii Dv jA:{ti'i; hiT. 

rti-t*"- ^^^ediile cards .irri;o m the computer 
ct-r^ror fron st.itlon "6",- thoy are- processed, 
r-^-r >cheJL»le:> jre ::-rinred, bO^arated, and sent 
Over TO statiori "11" where workers call out the 
na'^es on each sch-'Julc until jJi have Deen distri- 
ijj'ed. \o one Is lowed to leave without a 
i^.^^;ult?. Vfher rr.e ^^odent receives his s»whed- 
-»le, ^ti is asKfJ to cn». it atjo Inst the ad- 
^i^>or «.irj ro t-^Swre tna: r*.^ schedule is 
cc/^plcte and accv-rate. If correct, students si::n 
•*^e tack rre advisor caro. If there is a 
co'^fiic or error on tne schedule printout, the 
S'^N-ce^.t re?or:s ro srarion "12" tor correction. 
^:*fL-'' ^orrv.rlors a^e keypunched on a duplicate 
> jj-^j, me sTjdont will return to stjtion 

"M" j-i jrtji* hi> .vjrrected schedule. Once tne 
^-^-;J'- ^ ^ j-re^r, r*-.? sr^^oent ".oves to sr^-non 
**:V' • : If ;r ^nt fees, -ms advisor carl 

. . ' , • : :* ^ t jr I :;r " I ar.^: reaisrro- 

^ ' ;i * f i* i ^n , 'ne ^eci^trarS 

• J J* J i* w i **^jt wrirfen 

'^v j:.' ^ ' J. '''.■J fy^isrr^-'s care 'is's 
s. " "^j^o, J3dres5, social secj.-;- 

*. ^"t-^r , 'e; lie*" re s*^*.s, "".'al se'*es*er 

'--f-j, j^"; *:,^ -I'jsses, "af'O'jS, so- 

* s' j'tvr re,^ « s*^ r J *^ ' , ^-^ 

• T'"is '"•^cor* s^Ows 

• *j. "^"^-^ • >• . •?'""^n-:- :, n^'^o-;- s>*- 

"'^'S"-;;^ •^^r^ . .p.. ^-r I i-ic J' J -.1.- 

•"'*e V DiseJ o"- * i f -o^-" svf-estor n^^r*,, 

- *^ : ..j.^s-s, ^.'"-s-i •^'^r^lie:: e^e'.V-:; . ' I / 
: A-"*-er ctr,- *.M-:i.-Ti o' o;'"- 



■'^-^rji.y n -';rv **-etr : jr • -r 

:. • . . * . * > :n ^ - 

" C" «• j sn:'* r-^r . .• 

i*"" , i'^r -K : 7,-1'-." t^- 'ivr*^^^j->* '^jr^Dos 
• .f li ' ■ 

r., ^*.i.''"'> w«l! 'spen-i ^5 ^^f eaO ".eif '>f Tifr>; 
;i'>*'ar !• n jny fyD*^ Syst'^n; hCA^^ver, 
r>* -"'ill 'J:rin'; - r»' ;i s tr i o'^ ^h^r nost 
;jl J b*? 3*id<ints, Wf; 'J»? ; orr i neO t'^at 

lit* ">f 50 r.Jr.^t»s po.- ^*'i'J"^t W'jr) 



Spent. While some obviously took longer than 
this, others took less time to complete the 
registration process. 

AJD-DRQP AND LATE REGISTRATION 

Op the first class day, we begin a three day 
late-registration period, as well as a two day 
add-Jrop period. Student's involved are handled 
in much the same way but in a greatly reduced 
spa^e. As stated, some students will have sign- 
ed up for classes "killed" due to insufficient 
enrollment, and others will decide they want to 
add or drop a course. For students registering 
late, the process is exactly the sano as we have 
just described. If a student is in a "killed" 
class, he does not have to wait in line because 
the college feels obligated to assist him in 
9etring a valid schedule. 

Additionally, students are allowed to change 
their schedule, but must have a numbered permit 
representing their reserved place in line in 
order to be admitted to tne add-drop orea. This 
permit distributed from the Registrar's Office 
cuts down on long lines, soothes tempers, and 
allows studenrs to report 'o a class or come back 
ar a later tim.^. It is an appreciated service to 
t'^e students involved. 

Afj'er enteric;, the stuaent fills out a hanc 
dvrttrer ^ofr- on*^ o copy o* his pr jir*^i schedule 
i > Di-lleJ. A Cojnselor wi I i dr^^;. i~ - *rom the 
c'j'^rse desired b/ entering i : on t*^- ight ^ i-j 
^: t^e for*^. Tr.e Counselor gives thr: srudent the 
-t::J--ror 'c^", i cory -f his sc^eJ-le i«rith a "0" 
V'. \' a'^ • :n^s 'or :hange, a'^.d ;-rec:s the 
^T.-tri*^ *o J-^: J Tne' to! desks to add any t.Ot;rses 
'^e ;-'Si r.?5. 

t i » *. ! s oor.* 1 i a number o* ^er»"3r ff'-ents . 
"a "ic-l^v ^•-'"-C'^s can handle t^e ac^i.ity for 



I vision. The fac^l^y c>n;e more 
'^j-'O En.-'ol Ime*:? Stitjs Ropjrt :)ai»*s fo** rh-ir Dar- 
ticlar courses i'. Oi^r. 'ie^a'^ *rer. : in tnei-" divi- 
si;n, an'i rnev "^rcti Jh*^' 5t.JdenT Dy *alJvj?ig him 
.n L'^" jl l-^v^r S^atjs Reoorr as acJ I rfs writ- 
I : ^j-ir^; .jd1od in the le** p -r'-'o" *he 
1 I'i- iroD > I ! I" . 

■^'i me^bo-^s Aori'.': in aJd-orop 

J'".-' T ,r..* ^zr'if.i^* jrr-j, so : T'^' '"^'"jlo aroun:J 
:.t^i--:s i*- ^r^a 3* ri^e. If 

fjr.> ^Tt»,-.r '^•^a'^ jes to be '"id<-» h-^ ret j-^ns ^he 
J'! :-j'"np slip a" J tne ^cheJjie "'"♦^ ^'■^lert and 
*tr.''r> i""- t ^ *ho :;';p.:r tmen t 'j.st be loo^ i ng 

"■•^ . If t^-*ro i''e "'^ other addi*i r^.s c *elc- 

•^e fiv,jlt/ rem.t>e'' directs the 
; r jrea. 

uevD j'^chr;,i, J ^i^r^arded to 
' *or pro::ess i , (At rpo same 
=ir**s arc tj^-I^'i r**^ os'iod 3nd 
.jrj i'y keypi;n:h-'-1 ir-t colleCT- 
;ain, '^f' "j'vjient .:';e''> tr» Aiitin^ roor 
t^i' to qn t mi - » f'-"* orinto'^t 

Ovjring I j*.^ -"i'Tt ',t'\?t lon 
i ^oy cf th.^ schedil'^ I -> li .'^^ to 
" : 1 j iplf'-ite "'<^PV IS retained for 
*> J^^fce. Should a'^'^tnor -hanne 

wilf J', pres'^nt *iis ropy ot 

'.''^'•r, ',v»^ .{t. »ir>* wan- i,';**"^*', 'n<ik- 
han;.'., of:d will no: 'j(l''>w -1 chjn':^ 
; a m,)ch:no g«^r.era s:hodile .* 
do )r of the ad'l-drop ar*><i . ^-h'^iL-j 
ailatle, the student f> dir«-« t^^^ to 
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Wherever students add and drop courses, in- 
srroctor*3 class rolls will be ourd<Ued. Our 
program is written to generate a teacher notifl- 
carion card on each drop and add entered in the 
c,r:;,ire'. Ir.strucr ions and appropriate action »s 
^rlrred on the card. These are aistributed daily 
to *he faculty. After the three jay add-drop 
oeriod is over we do not allow students to add 
C0u''-»es, Dut do allow them to drop cojrses until 
tne final two weeks of the semester. 

'irst preliminary ciass rolls are run the 
Mr^,* day after registration and distributed to 
r3C«l*y. A seconO preliminary class roll is run 
on T^^ fifth, class day or after our add-drop 
periCvi is over', so they may have a Tiore accurate 
lis'^Ing of students in their classes. A discrep- 
ancy s^eet is attached to the second preliminary 
ciass roll. T^e faculty is asked to record the 
^ ifT**> of a^v student who should be on the roll but 
iv^es rot aDoear, and also anv who are on +he 
s.lass "cl I bjt havo never attended class. By 
checking rriis discrepancy sheet, we may find a 
fe* stwCio-rs wno sonehow are attencmg the wrong 
:ic:s:,. Final official class rolls are run on the 
t'*!r*eer.Th class dav. 

G^a:£ reporting, PEaVANENT RECORD, AND 
INSTITUTIONAL REPORTS 

'o ^ecorc '^id-term and final grades, we dis- 
rrio^te ^.''dde S'^eets (a listing of all students 

ejch class) to ^ne faculty. The instructor 
MCi-'^s ^he grade on the grade sneet, and returns 
•ner all ^o the Registrar's Office. The grades 
are r^en ^ocat-^d on ^-^e CRT's by the secretaries 
',r Rec:s^r^r*s Office, .^our coaies of each 
c^rre*". r stoCent's permanent record card are 
;;ri'>rec. i^e firs* or crigina! cODv is micro- 
'^STec Ainc placed in student's ficne jacket and 
^sec ^ run transcript requests. The other 
v-OD^es wire fnar^ec witn a onanton design, "for 
s'-cer.t use only", an:J are distributed to the 
^e^' s*^<:r's O^tt'ce, Counseling Office, and to the 
s*.3o'»r who r.?celves it as nis setiester grade 
^*y2z'"*. Trans:ripts car. be rr^ai led on request the 
-^ex- HzrKiK^ 0^/ a*ter "grades na/e been turnc-d 

Ai^itlonal re^'orts wr. ich are run from the 
s*v.>Tr .-^aster *ile ^^"6 tne course f^aster file 
a^o: >tu-Jont ^ours,:* loa concurrent enrol lees 

ea.^ :.a~o^3, audit students, bt.ilding and room 
vit i 1 izat iof^, 3oord i n^jtl ng Soard reoorts 001 and 
005, "•.n-Tine Egvjiva'ertcy, add-droD analysis, 
zra^f- <5'.cjly3.s, probation-suspension reports, 
i^^>•^e^r3 b/ o^jor, honor reports, error 'statis- 
tics iu^»r; registrat I :>n, a statistical analysis, 
exc-^ss •^O'^rs report. Student Profile ReDort, 
/o^-i*! ^nai-TeChnical Report, and .^^ee Audit 

In S'.f-nary^ tne r.^jor alvantagos of the system 
ar-e f c I iows : 

•^•;>D'jnch irp.^t conpares fa/orable to the 
CjII car: f^etr. ?d when considering 
accurac/. 

/. Flexibility updating the course master 
M o. 

5. '"-ist tjrn-around time in processing sched- 
iles, class rolls and reports. 

4. Rogistratpon is confined to a three-day^ 
oer iod. 

5. students receive a machine printed copy of 
their schedule. 



6. Students spend very little time in the 
complete registration process. 

7. One-way flow in only one building for the 
complete process. 

3. Every student has an accurate schedule 
with no c<"nflicts or omissions. 

9. System is adaptable and compatable with 
the add-drop process. 

10. The system »s simple to imple'nent and 
control . 

11. All fees have been accurately collected. 

12. Only one card is used to generate the 
student schedule and none are used to 
generate class rolls. 

15. All of the faculty are not required to 

assist in registration for the full three- 
day period. 

M. Our add-drop transactions represent less 
than 10^ of our total head count. 

15, We can stay with this system through our 
expected large enrollment increases in the 
future. 

All colleges have r-ieir own admissions, regis- 
tration, and reporting syst'^ms and all do what 
they feel is best for them.. We don't propose 
that any college change to what we are doing. We 
are convinced, however, that i r. our particular 
situation, the system discussed in this paper 
does what we want done the easiest, quickest, 
most accurate way. We will continue to make im- 
provements and refinements as needed and as 
circumstances allow. 

Glossary of Terms 

ASR (Admission Status Report) - listing of all 

applicants for a specific semester which also 
includes items necessary to complete their 
f i ie 

A^R (Admission Action Report) - listing of all 
applicants for a specific semester who have 
turned in all items required for admission 

CRT (Cathode Ray Tube) - ISM Video Terminal 
Di sp lay 

Course Master - listing of all courses offered for 
a specific semester on a specific campus. 
This file is essential in our control of reg- 
istration and stuJent records. 

ESR (Enrollment Status Report) - report generated 
from the course master used in registration 
as a control of classes. A new printout is 
run after each registration period. 

FTE (Full-Time Eq-ji va leiiCy Enrollment Reporr) - 
report that snows accurate data of registra- 
tion, number of students enrolled, full-time, 
part-time, day, night, etc. 

Coordinating Board Reports - required by the 
State of Texaf^ for funding and statistical 
infornation 



81 



to 



CAA: COMI'UTRR ASSISTRD ATHI.KTICS 



John H. Hall, Assistant Director 
Computer Research Center 
Universil. of South Florida 



Hu iifQ- 1 i t t r.it ion of computer .inti lompiiting 
tt'thnolo^v in the past ten years has had an 
t*r ft'M oi utariv all academic disciplines. Cer- 
tainl'-, ithlt't»«s and related proRrar>s are no 
e<ivPtion. Ihe utilization of lomputing services 
as well .i-> thf niinlicr of .ipp 1 iua t ions supporting 
athUiiis IS low when tt>mpared to nore tradition- 
al toiT.outtr related activities (e.>;., engineering*, 
scienie, eti.); however, verv much on the in- 
< re . 

I'le indot t r 1 nat ion t)f students in hi^h school 
anti tolIt'xU' to computers and their t ethnology has 
resuliid in i>rientinR people of all disciplines 
to ihi T^t-rits of ronipiit ini', . Tins, roupled with 
the i:i r*..i«:in^; availability of h.irdware, has pro- 
vidt'd ill opportunity t> appl> tlie valuable re- 
1 *art • » ii autoHcition to support athletics. 
^ItUioii.ii ■'no«^i;:e of prttfess iona 1 athletics and 
the :rffienl reierences in the modi.i to the pro's 
use or I npiiters have .ils.i served as catalysts ti> 
nanv p.i i)le responsible for athletii pro^rai^s to 
investiiiite the Lom{>uter's potential for th ir 
SI cu It n n . 

Tht* MSf of ^onpoters bv athletics and t leir 
relati.l .hti</ities is .i vrrv rei ent phenomenon. 
Mowe/»^r, attenpts were n,ide as earlv as the late 
I9>n> i'Ue-:rate lonputini^ into snorts. A 
ba-^i-ball tian tried r-pl-uing the nan.iper t on- 
t "Pt it riinnin/ their team with lotatin^; hivid 
ioaiii*'^. The. also ii^ed the (onputer to solve 
siu h pr*iblen<; as whi»h relief pitiher to lall in 
a t'ertain situation, and probablv which candi- 
date' f«'r hfad * oarh should he next in lino when 
the iDtiiPibint failed to vu'ld a winner. Ihev 
Itrid si'ViTiI problt'ms amon^' which were: (a) 
ihi" lai k I ? M)d hall plavers, (b) the atti- 
•u»'e tliat plav4 rs should plav the Kane with- 
out tlu' tntertereiue of omputers, and (r) tht 
!.-:«k of irelibilit% ion^ernin>' tlu* information 
turnishetl nv the < onputer. 

Sfvtral otrn'r expennents wer'- tried 
through iht' earlv and mid l^»^Os. Mc^st were 
inde*'d e <r> 1 '>r It ory in e.ature, .ind requin tl a 
hi>»h lo^'"I "f computer s^pli ist i cat ion on the 
part nf I fit* tisi-r such that few, if anv, were 
announi ed .i<^ sui<os*^ful. The int roduc t ion 
an(J ultimate avai lahilitv td third generation 
rompMters, their terminal capabilities, and more 
«i-;nhic hij»h level language*? brought .i whole new 
base tronwhii'h to ipplv <*ompnting to athletics 
and siiort*.. Today, sth h things as » onversational 
terminals^^ .spekial purpose min i-computtrs , .ivail- 
abilitv of data base technology, the potential 



of medium- large scale central processing units, 
and breadth of knowledge in the application of 
computing have served to provide sports and ath- 
letics with some manv unique and creative systems. 

Certainly one of the more common iiscs for the 
computer in support of sports and athletics is the 
processing of administrative data. Accounting, 
budgeting, and other business type functions are 
assisted by data processing systems both for pro- 
fessional and amateur programs. Such things as 
computer 1 zed season * s t icket f i les and lists are 
often used when the number of tickets involved is 
very large. Most of the systems in operation that 
perforn sueli functions as listed above are in- 
directly supportive of tlie athletic programs. The 
main theme of this paper will however, deal with 
applications of more direct support for athletic 
contests and athletes through the use of comput- 
ing. 

Research efforts assisted by computer modeling 
and testing have had a very significant impact 
on various spocts programs. A recent television 
special dealing with football injuries devoted 
a large portion of time to the portrayal of study 
efforts aimed at improving the design of tlie foot- 
ha 1 1 helment . Several ma jor un i vers i t ies were 
involved and explained thoir research techniques 
wliirh involved a great deal of modeling ami im- 
pact study analysis via computer. Should these 
studies result in a safer helmet, as it appears 
they will, the impact on the football plaver will 
be very direct and beneficial. 

Another example of beneficial research that 
could lead to improved performance was done by 
Professor James B . Vernon , assoc iate professor of 
meclianical engineering at the University of 
Southern California. Professor Vernon has de- 
si ^-.ned and built a pole-vaulting pole witli a bend 
m It. He iised the compater to help solve the 
verv complex energv problems involving the motion 
of the vaulter, enerjiy in the pole, et< . Optimiz- 
ing,; on his theory and using a proper bent pole 
design and vaulting technique. Professor Vernon 
pred i < ts t he theoret i < al poss 11) i 1 i tv of a 28'^ 
foot vau 1 1 . 

Contests have ^»een directly aft ec led bv the 
u*^r of computers in m.inv ways^ Conferences liave 



James li. Vcrn* »i, "Pre-Bent Pole hooks Promis- 
^ " ^ • " lilL ^iil" LJ' f l au Bet a JPj^ Pa 1 1 , 197/*, pp . 
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scheduled their oiticinls vi.i computer, and used 
the s.ime systems to evaluate their performance. 
Severn! specific examples of computer driven 
scoring and displav devices have been publicized 
recently. A couple of years .1^0 an IBM 1 HO was 
r>ounted in a van and made the professional ^olf 
tour. The side of the van served as the score- 
board and the computer took c.ire of keeping the 
scoreboard up to date as the scores for each hole 
came in. Certainly one of the most modern score/ 
message boards in sports today is at the Harry S. 
Truman complex in Kansas City. Joe Garagiola of 
NBC did one of his specials on the operation of 
the baseball score and message hojrd and .inyone 
watching; had to be impressed. 

The professionals are not the only ones to 
use computers to assist in contests regulation 
and scoring. lakeville Junior High» Lakeville, 
Minnesota used its interactive computer on the 
rrrs rruta^ information Education Systems) net- 
work tor such a purpose.*^ They set pairing by 
weiv;ht» i»rade, and school for a wrestling tour- 
nament of nine teams and 150 wrestlers. Not 
onlv did the .lutomation of the pairing process 
sav»' time»v it was tar more equitable in its sched- 
uling an(J matching tf the wrestlers, Also» the 
5-nd \nau.il NCM Nation.il Cymnastics Championship 
held at Pennsvlvania State University used an 
interactive termin.il system to tabulate the 
scores for its 43 participating institutions, 180 
performers » and 5,000 individual scores.^ The 
intricacies uf the gvmnastics scoring processes 
wtre «ill coded into the n.iin computer, so team 
ind individual scores and totals were brought up 
to dale inmedi.itely upon entrv. This allowed 
officials, coaches, and others to g.un current 
status reports upon dem.ind throughout the session. 

Prof ess ion<i I footb.ill is probably one of the 
inost prolific users of computer svstems in sports 
todav. Nearlv all of the pro te.ims use computer- 
ized scouting reports to assist them in selecting 
plavers in the draft.'* Plaver scouting is by no 
me.ins the limit of prt>- footb.il I 's conputer 
assistance. Oppi^nent's tendencies on otfense and 
defense as well as studvmg one*s own tendencies 
are among the n.in^ applied users of the computer 
in Aime planning.*" A more thorough explanation 
ot a gane si outing program and its uses will be 
« nvered l.iler in this paper. 

^lan^ other examples could be listed from near- 
ly all (onpetitive sports in whi^h the computer 
i*i used in one form or .mother. Specifics on 
n.mv of these applications are kept very confi- 
dent i<i I bv thv teams using them. The advantage 
of a team knowing the soeiific breakdown of 
si outing data used against them woulfl undoubtedly 
be a viluable .isset. Having been ( loselv in- 
volved with the development of two svstems used 
direct Iv to support athletics, it'-^. very clear 
thrit such systcfTiS c.in be very v.ilu.ii)!*^ to a 
sport-> program. The description of these two 
svstems to! low: 

Richard Kowe, "Matching I'p the Crunt and 
(Iroriners/* Ai 'DS M on i tor, April, [97 ^ page 4, 
"Meet's Terminal Scores Athlet*^ t\>ats," 
Computerwor ld,> necem!>er ^» , 197'., p.ige 8. 

'* Ward. Gene, "Ward to the Wi^.e." .Mew York Dai ly 
News_j_ October 21, 1971, Sports Section. 

' Kvle Rote, "Computer in the St.irtinr l.inetr 
Think, October, 1973, pp. 24-28. 



Athletic Injury Report System 

The use of the computer to break down data on 
athletic injuries is a natural. The process is 
a reasonably mundane t isk and very time consuming 
If attempted manually. However, the computer can 
and will perform this analysis with extreme ac- 
curacy and speed. The trainer and his staff no 
longer will need to spend many hours of manual 
processing to produce reports of their activi- 
ties. These manual reports, at best, just 
scratched the surface of providing useful infor- 
mation. The use of the computer in the analysis 
process will allow a greater number of data items 
to be considered and yet require less personnel 
time to break down. 

llie procedure used at Northern Illinois Uni- 
versity the past several years and adopted in 
modified form for the 1973 year by seven univer- 
sities in the Mid-Ar.ericr.n Conference is based on 
the collection of injury data through the use of 
an optical mark sense (OMR) • ' .e sheet. 
(Figure 1) This sheet 1 jse . - . c training 
room and data is collected for u 4 athlete re- 
quiring the trainer's attention. Specific data 
items are collected about the injury and its 
treatments. There are two items on each side of 
the sheet that are somewhat unrealted to the In- 
jury itself, but .ibsolutely required to machine 
process the sheets. These two items are the 
athlete's social security number and the injury 
number which is merely a sequence number denoting 
how many injuries the player has had requiring 
visits to the training room. Eacfi of these ele- 
ments is required on both sides of the sheet to 
insure the mechanical process of matcfiing the 
information on the two sides of the collection 
sheet into a single machine processable record. 

From looking at the sheet, it is obvious that 
the process of recording the data is not an in- 
significant task. And, indeed, a good bit of the 
time formerly spent on reducing injury data manu- 
ally can now be used in recording the data on the 
OMR sheet. There are probably several justifi- 
cations and rationalizations for reinvesting this 
time. First of all, the sheet has the capability 
of recording a significantly larger number of data 
items than arc usually recorded under a manual 
system. The more data collected, obviously the 
more in depth analysis available on injuries and 
their treatments, Tlie time spent coding the OMR 
sheets can be spread t'n rough the entire season; 
whereas , the manua I conpilat ion of an m ury re- 
port at the end of the season would concentrate a 
great deal of time within a few days or weeks. 
Also, after using the OMR sheets for several weeks 
the process of recording on them becomes increas- 
inglv faster and easier . 

Analysis of the injury data requires several 
steps. These steps are: 

(1) Processing of completed forms thro igfi the 
OMR reading device and converting data to 
computer processable form, 

(2) Tlie execution of several computer programs 
wliich match the two sides of tlie injury 
form's data pio(hiccd in the previous step 



John Hall, Alfred Kranz, Harold Morris, William 
Tessendorf , J. Randa 1 1 Ryan , "Northern 11 1 i no is 
University Athletic Injury Report System," 
Ath letic Training, December, 1974, pp. 184-185. 
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K i ^11 r e 2 
Snmplf Injury Report 



cind the irt^«ition of a single l omput er i /cd 

rt't ord ior each injury sheet, 
(3) Oiu' or more oonputer runs lo .innlyxe the 

records produced thrtni^Ji a i^;ener<i 1 i zed 

st.Uistio.ll p.ick<u',e. 
Spi't i«'i..illv.. N.I.I', usrs .1 '>iv'.ire'r< 100 OMR 
nnrk st-nse rccUler with ,i mv.netic t.iptj unit to 
record tht- d.it.i in n;j([iine ro.idnhle form. A 
utilitv program sort is used to order the records 
tor Tcit h side- ul thf sheet in soci.iL security and 
injurv number order. A PDR FRAN pronr.im is then 
run to fombinc the records for ench side of the 
slieet cind will produce an error report for sheets 
which d<) not have niatchinR sides. 

The Slat is t KM 1 Package tor the Social 
U'nces (SP^S) is then used to break t!ie data 
iwto usaole i uform.it i ijn . SPSS is verv convenient 
to use in that verv little computer expertise is 
invtilved in its use. With 2-3 hours of trainirij^ 
most cinvone c.in le.irn enouftli about SPSS to set 
up the control cards for the analvsis required. 
Thf .ibility of SPSS to (ombine dat.i elements in 
t ross-t.ibul at inp is just one of the uses for 
hre.iisin^, down the injurv data. An ex.imple re- 
p{)rt .iv.iilable mi^ht be a c ross- tabu l«i t i on of 
football p Liver's pc>sition bv conditions at the 
( one ur rente of the injury, (Figure 2) 

It will now be pt)ssible although the programs 
are not vet written, to save a complete injury 
file for each competition ye.ir. Then an Individ- 
u.il injury profile can be produced for e.ich ath- 
lete at the end of his eligibilitv showing each 
fiijurv .-inti trc.itment from his first practice 
through his !.i<{t g.ime. This will be of immeasur- 



able value in assisting the tr.uner Lo advise pro- 
fessional scouts about a player, and in planning 
for prevention of injuries. 

In addition, it is entirely conceivable that 
the availabilitv of this d.Ttn can lead to some very 
significant research into the study and prevention 
of athletic injuries. Shoul d the co 1 lec t ion and 
svn thesis of this data help In reducing the quanti- 
tv and severity of athletic injuries any at all, it 
will h.ive been worth the investment of time and 
energy involved in its implementation and opera- 
tion . 

Pootbal! Scouting System 

In the fall of 1969 the football coaching staff 
.It Northern 1 1 1 inois L'ni vers I ty (NIU) used an 
edged punched c.ird svstem for scouting their oppo- 
nents. After having spent some AO-lOO r)an-hours 
per week to break down scouting data, they de- 
cided there h.ad to be a better wav. Tlie coach 
responsible for e»^o rdin.it ion of scouting tame to 
the NIU computer tenter and asked for help. In 
Rtucivmg the profdem it w.is discovered that com- 
puterized sc{)uting svstems existed .it otlier insti- 
tutions. However, the decision was made to design 
a new system since those in existence were either 
unus<ible or un.iv.n 1 ab le . ^ 



I. H. Hall, "A Descriptive Analysis of a Compu- 
terized Pootbill Scouting System" (unpublished 
M.iste r ' s thesis , Northern Illinois IJni ve rs 1 ty , 
1972) 
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Tht design of iho SKUitin^: system w<ts <i.ised 
in a thorough stt o( specifications for the ^.u.t 
to bo < nHoctod M\<i reports required. Die list 
oi dal.i i«U»nonrs to h used w.is firnlixod and a 
^•enor.il purposi si njtink'.data I'oUt-ct ion torn 
created. (Kf>\ure 1) This form sorves .is hoch 
the data col loot loii device for the scout ani! as 
.in xnr>ut docurrent to a keypunch i>'<?raCor. 

Prottranninn ot the svstem was done in the 1 P^* 
FORTRAN IV ^. Tlie prc^rar) contains three distii c 
sections. Tliese sections are: for storage allo- 
cation and definition; the reading, editing, and 
storing of data: and report generation. 

Storage alKuMtion and definition initia1i7.es 
the descriptor infornacion .ind allocates data 
sterage and work space ni the program. Ilie next 
sev'tion reads the data cards, edits the data, and 
stores the valid data fn the space allocate-, by 
the previous part of the program. The reports 
ire then rcner.ited and printed. The reports gen- 
era te<! are as tolh^ws; 

1. rhronoh^^ica! I.ist of Offensive i*lays 

2. ^^unn.irv ot Running'. IMav ^ bv Plav Tvpe 
i. Sim-arv of Running :Mays Into ani! Awav 

tVyycn Strength. 
*. Sumnarv ol Pas*; I'l.iys Into and Awav from 
^(.renvuh 

Sunnarv ot rMnvs bv Backfield Alignment 
^. SuTimarv of Tendenru**? from the Hash Marks 
(Figure 4) 

7. SuHTJarv of Plavs bv Line and Backfield 

Formation CoDhi'^ation 
S. Sunm.irv of Plavs bv Down .ind i)i stance 

Siinnarv of Running iMavs Through Kach 

Hole 

10. Sunmarv y)i i*ass I'lavs to Kach Receiving 
'/oin* . 

11. Sunnarv vt Kach Prin<ipal IMaver's Play 
IJ. Sunmarv oi OffensiVf Pl.ivs In' Field !*osi- 

t ion 

I K Sunn«irv of Ba<kfield in Motion 'Mavs 
l». ('Lron<» loij t .1 i 1.1 St of Detensive Plavs 
1 . Sunmarv of Defen^^ive Succe«;s Ag.iinst 

Running Pl.iv>. Ihrou^h Kai h Hole 
Ifi. Sunnarv ol Iiciensivc Success A^:ainst Pass 

'M<ivs t I av ii Reieiving Xtnie 
I". Sunmr, or Defensive AlJgnnents h\ Held 

Po*. 1 1 I on 

Ilie oonput i-r I zed tooth ill scouting svstem 
requires hur in judgmiMU and interpretation in 
anal VMM/ reports produced. The operation of 

the svstem provides {^r s<(Miting d.ita to he re- 
duced into <i much t iner ^re.ikdown than the nanual 
ni'thod within Ow tine lonstr.iints involved. Hie 
<oa4^in« still f ui:id their time investment in 
break in^i; down * on:niter » ^ed scouting repi^rts to he 
t>etween !0'' antl 'lO'^ ol what it was with the pre- 
vn)us!v usetl edKet) pun< he<l « .irds . The conputer 
runs t.ike <ihout 10 < pti seconis per <',ame on an IBM 
it^0/f^7. Ihe N H' svstem would proba'.)ly requir.* 
niint)r nt»d i f it at ions to natch the n.iming < onven- 
tit>ns of aiiother (oaihing staff, but would be 
usable to <inother team with similar report re- 
qui renents. 

In summary, it is eertainlv clear th.it com- 
puters a'*e now an integral part of athletics, 
lliere are certainly more appliiations than have 
been referenced m this paper. lust .is certain Iv, 



the creativity of computer people, coaches, admin- 
istrators, and athletes will le.id to many more use- 
ful applications for the computer in the future to 
help plav the game. 
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IMPROVEMENT OF SCHOOL DESIGN THROUGH THE 
SIMULATION OF EDUCATIONAL ACTIVITIES 



Hiliu 
The Pcnnsyl* 



I Introduction 

Tbi$ paper miII describe research ilo (he nature uf (he design of 
eduvjtu**^ai racilities and the development ot a computer simulation 
system to help w\vc problems m designing educational tloor plan 
layouts Such a system can be u^ed by school designers to evaluate and 
miprinc scIuh>I lloor plans 

TIic implementation ot the system involved I) the design and 
imptanentation of a procedure tor deiemiining those characterisncs of 
J schoi>| program which atlect or arc atlecied by the physical 
constraints of a school building. 2) incorporation of those 
characteristics into j model \»hich could be applied by a simulation 
program ti» a proposed floor plan, and 5) the development of computer 
programs ^^hich could successfully simulate educational activities on 
(he pr*«pi>$ed tlfor plan and piovide feedback to the designer's to the 
suttlciency ot its design The focus of this study was on elementary 
>cluMil tocilities. 

2. Design Problems in Education 

"Tlie design ot schwl must be consistent with the type of 
instruLtion ^sterns warned on** (tngclhanlt. IVO) Tlie evolunon of 
teavhiny; rnethi>d»*logy has histoncally been awompanied by clianpng 
scluH>l struwtwres to accommodate them. The one-room M-lioHhouse of 
the ninctcentii centuiy has been transfonned to the egg-crate 
conjmction of the first half of the twentieth century and finally to the 
open-plan Sclioolhouses of the past decade. The egg<raie design came 
J bout x< a response to the requirement of absolute independence 
between grade leveU. the open-plan in response to tlie attempt to 
aboll^h grade level ditfereiiccs and opi^n lines ot communication among 
teachers and students (Leu. I%5). 

Altliough general changes m architecture have cinne about with 
eJnvatit)n.tI innovatum. the relation^iip between the detailed aspects of 
an eJu«.jtional program and the instructional space has not always kept 
pace with such changes 

In tjct. It IS not clear that the relationsfiip between emcrpng 
elementary educational methodologies and the use ot elementary 
vchiH4 s(>awe is very well known An examination of award winning 
^-hiM>ls in 1%'' (Nalion*s Scluwis. 1%8) sliowed a range of from 54.2 
to 112 3 s(|uare feet per student with costs ranging Irom SIOSO to 
S33 S4 per square fiH»l Instructional space ranged fr»)m 4(f' to 8(rJ of 
the total facility Tlie majority ot these schools were of an open plan 
design however, the educational pritgram to have been tni {demented 
was noi ^pecitled 



1 S. Bregar 

ita State Uni^mity 



Some attempts to analyze the prospective use of school space have 
been made in recent years. Hngelhardt (1970). for example.considered 
the activities which would hkcly go on in a continuous progress open 
plan school, the factors to be considered m planning such a school, and 
the relationship between spaces, then prescribes space requirements to 
accommodate the program. Square feet for each kind of space is 
presented, however* the method of determining these requirements is 
not described. 

Bangliart and others at Florida State University (Banghart. et al.. 
1970) describe a model for defimng space needs in high schools 
utilizing a building block approach. Each basic unit (student module) is 
det'ined as the **space and resources required to maintain a student in a 
given activity al a particular time.** Space needs arc determined by 
stmutating schedules of activities based on previously compiled 
information on student requests for activities, duration of the activities, 
and the number of activities requested per student. 

Apker (1970) using available seating as his spatial denominator 
simulated a bigli school with modular scheduling, given an architect's 
plan for a proposed high school. Utilizing the Generalized Academic 
Scheduling Program. (Nfurptiy. 1970). Apker showed that for projected 
enrollment of 1500 students, the number of classrooms was 21 more 
than were needed and that seating space for large group instruction was 
"under-estimated" 

The Florida State University and Apker projects do provide some 
basis for analyzing tloor plans as they apply to higli schools. However, 
th.* problem of varying methodologies di>es not appear as a factor in 
their analysis of the use of space. Tliat is. by assuming the traditional 
mode of education, space needs can be translated from seating 
requirements Tliese projects also had the advantage of being able to 
work with tlxed regular schedules which would remain in effect for an 
academic temi. Tims, while sufficiert for high school environments, 
such techniques miglit not be adequate to analyze space needs under 
circumstances where schedules could change from day-tCMiay and 
where methodologies could affect the sizes and kinds of student 
griHipngs. 

Tlie research described herein tix»k place in two stages First* a 
method was derived to ascertain whether there were indeed differences 
in the use of instmctional space by differing educational programs. 
Secimd. pven a veritlcation of the first premise, a computer system was 
developed and provide summary infoimation of their impact on a 
proposed tloor plan design 
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AlthiHig}! Jhe emptusis m ilns paper i$ on ihe coiiipuier system, ii 
duMiId be nieiilifhed Ihjl ihe lir^l suge eonsisieJ of j» observation oi 
three elenic«;jrv x-Iuuili uliieh operated under two dilTerent 
edtiejtional s>sieiiis Two ewld be eliaraetertzed and a^traditionj||> 
oriented K'hool^. the otiiei was organt/cd as a iiiiiltiuiiit-school. Two 
iiuin results were «tbtained troni the obser\'anon data One was tiut loi 
the schools obsei\ed. vsnnip M/e vaned M^inlieantly as a lunctioit oi 
vhool ptogram and aeiivity. the other was that atH\it> duration did 
not appear to \ar> sigiiitieanily lor ihcsc laetor^ (Biegar. I*)74) Tins 
inlonnation wtxild be iiiili/cd in the genera non ot schedules of 
activities tor an elementary school program 

Tlie data eollecied during the observation phase was reduord ;o 
prmide intornuiion to the simulation program abixjt schedules and 
ctiaracteristio ol* aeiivities lor a given methodology (m this ease 
traditional IV multiunit) 

3. System Design 

\ s>\tem ot computer programs was wnttcn whieh could simulate 
activities im a propmei* sciiool llooi plan. The model employed was 
\tiHrhastie and discrete and was based on the data collected during ihe 
observation phase. Tlie t>\e'all wftcm design for the simulation is 
shown in Figine I HIiH»r phr. speeitvatumsare digitized and proccvsed 
into a hierart.liieal structure representing the space-sub space 
relationship li>und in observed iiistmctional >pace. Iiurluded in the 
>pecirieations are the inventories ol* hiiniture and equipment lor each 
space 

Observed data are ciHiipilcd into ♦rcquency tables called aamfx' 
Jcscnpton. which arc usc»l ti» generate certain physical cluraclcnstics 
ot activities The activities themselves are generated trocii a WixA 
ufvttilc which 1$ input to the Mmulat«)r Tlie Wm-A xvln-Uutc represents 
a schiHil dav whreli is ivpically divided into lour or live hlivksol time, 
up to two hours each, during which a nia]or \ubject aica is pursued An 
example ot ihe bUnrk schedule is Nhown in Table I 

To ciwnplcte the inu>rmatioii neccssaiy t«>r a Minulaiion run. 
paiaitieic.'s rnuvf be input which delineate the scIuhiI cnvironiiicnt to be 
simulated Specitieally. the paiametcrs are I ) sch h>I program tvpe.^ 2) 
iiUKi length, or the length of the scheduling niiHlulc.. S) piopmed 
enrollmem. and 4) a designator dcclanng whether ontinial or observed 
space tlgures slUHild be used in cihii puling space nv 



I 

Mthoucb there has never been a single monohihic sv stent which 
CiHild be detincd as a tradimuia) nictluKJolog>. there arc certain 
vltaractcnsticv wnich coultl be generally aiinbiitcil i«) the c«Miccpt 
\nii>ng these are 1) a ^^ne texher per class orgaiit/an«Mi. Z) an age 
graded division ol srudents. and ') an emphasis on teaclicr-Lentercd 
gr^xip instniciion 

Tlie nuiltnniit vcIhm)] t.i>necpi is based on t) a team ol teachers 
adininistcriiig one ot several indepcndeni units m a schiN>!. Z) 
non>gradcd diviMim i>l students, and individual, nne-lo-orie 
(student tcxhcr) small group and large griHip instmction em(^iasi/ing 
the itndent as an individual. tKlausnicier) 

5 

Die progjam will enrientiv accept tnultiumt and traditional 
prog.am designators 

Space use can be c«>inputed eiihei bv employing ligiires Innn the 
t>I>vrvatu>n phase tn b_v using a selection ot «lcrived «»ptinial Mjuare led 
per siiident cstii nates based im turmture and vonrigtiraiiun 
combmaiiom 



The luneitonal nowchart (Figure 2) poiirays the siniulatiiMi systan. 
A preprtvcssing stage eonv-rts the inputs to an internal format 
consisting mainly of a hierarchical lloor plan representation and a set of 
Activity Control BKicks (ACB's). Tlie ACB's are created by a schedule 
generator which generates a sci of subactivnic»s for each activity in the 
block schedule. Tlie ACB (Figure .^) contains all pertinent information 
about a subactivity such as its scheduled lin.e and duration, the number 
of students assigned to it. furniture and equipment requireinenls. and 
ti>tal space reqtii rente nts. When an activity is assigned to a space, its 
ACB IS updated to rellcct its hx'atioii. hssciitially. the schedule of 
subactivitics alhx'ates tunc from the bUxk schedule and students from 
the available enrollment in such a way as to rctlc>:l grouping practices 
employed in iIm: school program beuig sunulaled. 

Tlie smiulatiun process itself uses a luiie-sliee approach whereby 
time IS initiali/ed at the earliest time on the schedule and incremented 
by regular amixints (the mod lengths) until tlie end of the schedule is 
reached. At each interval, lermmaiing activities return their resources 
and students to their respective ehgibilily pools. New activities arc 
assigned particular students from the available student pool and 
eluracleristics are generated reltecting the information contained in the 
file ol activity desc.'iptors. Tlicse attributes are generated rellecting the 
inlormation contained in the file of activit)' descriptors. Tlicsc 
characteristics include. I) ft niture and equipnicmt required. 2) space 
per student. a distraction^ factor, and 4) a pwp type indicator 
specif>ing whether a grtnip is working as a group or as individuals and 
wlictlier the group is supervised or unsupervised, 

Wien the new- activities have been cwipletely cliaractcrizcil. the 
program makes an jssigiiircn: of activitic*s to spaces in such a way as to 
find a reasonable lit between the activities and the spaces which arc 
available for them, Tlie problem of assigning activities to spaces is a 
particular instance ol tlie linear programming assignment problem 
wiLv*- IS not solvable bv normal met m>ds bicausc uf the space-Subspacc 
leationsliip on the input lloor plan. An algonthm which llnds 
anproMiualcs to optimal solutnmscan be lound in Bregar (1974). 

Once activities ..re assipied to spaces, the ACB's of ihe new 
acnviiics -mi tht»se 1 1 privess at the current tmie interval are scanned 
and space utilization tigures are coinpded. At ilie end ot the simulated 
da>. all ot the space utilization figures plus other compiled informanon 
IS tmipui for analysis Tlie schmJ designer can then modify his design, 
if appropriate, and restart the simulation. 

t 

Outputs *' .m the pri»grani include the generated schedule of 
subactivities sn. their generated charaetenslies including furnitnre and 
equ:,>nierr a aiireinents. In addition, at eadi time inierval a summaiy 
labl. K nrm' I which gives :or each aciivit> starting or in process. 

1 ) the acirvitv name 

2) start and end tinie ol the activity 

number of students assigncii to the activity (an i>ptional hsting 
ol students bv student number is also av;iilable) 

4) area «il space required by the aeiivity 

5) name ol the space assigned to the activity 

6) area of ihe space assigned 

7) ratu> ol space utilized to space available for the activity. 

Vt»II*>wmg the list ol scheduled activities, the percentage of space in 
use ot the t«nal available instructional space iscompuied for each lime 
step At the end ol the day. the percentage ol use ol each space m 
tenns ot its t«)ial time available iv iHitptii. 



5 ^ 

Tlic distravlion laclor is an indicator ot the potential for an 
aclivitv to distract an activity m an adjacent space with nointervenmg 
walls 
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With these ouptuts j sclioo) designer can evaluate the wa> tlie 
spjcei he has desig:»ed wJI hkely be used. It he Mi^ies. he can then 
adjust the tloor plaji. or any ot the parameters to see their etYeets 
before deciding upon a tinal de^i^ii. 

4. RcMilts 

An example ol ho\^ the program can be used is presented in this 
section l iyxire 4 represents tlie tloor plan ol a pod troni an open plan 
School whieh was observed Juiing the observation phase ot this project. 
Hie dotted and da>hed hnes depict observed subdivisions ot tlie space 
u) which activities were carried on. Hie space was designed tor a 
maxinmni enroUment ot' 150 students under the niultiunit program. 
Hie hierarchical relationship oi spaces is evident in the tlgure. Tlie aiea 
of tlie entire pod i^ 7025 sq It and subspaces range from 41 to 1815 
sq. it. 

Assuming the tliuu plan conti^/ation sliown. the question eixild be 
a^ked. "How wiHild this tloor plan function if its enrollment were 200 
instead ol 150 students*" 

To esiablisli a benciimark. the simulahon progiam was run so as to 
Mtnulaic the observed sciiool witli us observed enrollment on its own 
tliH)r plan The ciHnpIete output which is given in (Bicgai. 1974) 
Nliowed that the generated schedule of subactivities and their 
ehaiacienstics was representative of what had been observed. Increasing 
the enrollment by resulted in an I'Xpected increase in the number of 
subactivities for each activity. Tlierc Aas a consequent general increase 
ni both the number of spaces whic'i were put into use as well as the 
number of modules lor which a S'^en space was occupied. TTiis is 
evident trum tlie space usage summanes shown in Tabic 2 and Table 3. 
However, many ot the spaces were used less than 60C^ ot time available 
■• some ol the^. of course, were not available when their patent spaces 
or subspaces were occupied Out ot 1 17 scheduled subactivities only 13 
were not assigned spacer It should be noted that there were spaces 
available at these times, however, they were not considered suitable by 
the assignment algontlim With this in mind, the conclusion can be 
drawn that there is adequate space avadable lor 20O students in the 
pthl 

A second lest run was made utili2ing a 150 siui!ent enrollment but 
removing spaci- C27 from a tloor plan. (C27 has been sliown on slic 
benchmark, run lo be a hgiitly used space ) Results from second run 
indicated tliai the aciivities assigned to C27 could have been assigned to 
other available space with no oiher no;iceablc dilTerencc in the 
tunciioning i>l thc$c!iiH>l 

Space ("27 liad an aiea of 16^ sq tt At ihecmt of S20per square 
tiHU. ehnnnaium ol this space eiHildhavc resulted in a savings of SX^OO 
in the co^t ol ilie sch«H)l. 

5 Siimmar} and Implications 

A description ot a system for simulating the activities ol an 
elemental V school operating under a particular educational piograin has 
been given Tli rough direct observation, a model for an eihicaiional 
program was prepared and computer programs were described winch 
could appU' a specilied minlel lo a pn^osed school tloor p Ian Results 
troin the program can be used to evaluate ihe tunctionality ot a lloor 
plan, which, it necessary, can he revised and reevaluated before bnildnig 
a ^h<Mi| which mi gilt not meet itie needs ol tl:e proposed educational 
prtfgrani ii*be implemenied 
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EXPLORING NEW WORLDS 



Richard L. Ballard 
Physics Computer Development Project 
University of California 
Irvinft, California 92664 



Electronic media have given us new eyes and 
ears. With them we can see into new dimensions. 
Coward new frontiers, the outer worlds of space 
and the inner worlds of thought and knowledge. 
In these explorations, computers are at first our 
tools. Quickly they become the key, the door, 
and much :hat lies beyond. We know Che begin- 
nings, bit not the boundaries of these new worlds.- 



As educators 
roles: that of ex 
ing ourselves — and 
and ocaers learn, 
of ou* future/pres 
neglected. The fr 
vancas much coo fa 
gillies we muse tea 
poi tant ly, what wi 



we accept In varying degree" two 
plorer — discovering and teach- 
that of guide — sharing what we 
forging new paths. The shock 
ent is chat neither role ma> be 
ontier is too diverse and ao- 
st to be lose sight of. As 
ch what is known, and more im- 
11 be known. 



Access to new worlds today is very uneven. 
It varies from place to place, depending much on 
hardware, software, and expertise. Different 
disciplines find themselves more or less suited 
to Immediate computer use. More in the case of 
mathematical sciences, less In the data base 
sciences, humanities, and arts. The views given 
here originate In a fortunate place, the Univer- 
sity of California at Irvine, and represent con- 
siderable experience in a most mathematical sub- 
ject, physics. They are thought, nonetheless, 
to be quite general. 

FINDING NEW WORLDS 

"New Worlds" Is the title of one Physics 
Computer Development Project proposal given sup- 
port by the National Science Foundation last 
year. It alms at developing breakthrough sub- 
jects, graphic communications, and intelligent 
natural language interaction. Collectively, 
these elements become literal f lay worlds wherein 
subject knowledge can be repre::jnted, manipulated, 
and made Into new conceptual experiences.. The 
casualness. Immediacy, and general accessibility 
of these worlds makes complex and powerful ideas 
Into toys for widespread use and experimentation, 
teichlng and concept testing In hlp,her education 
can look to Plagec-llke approaches. The strate- 
gies for doing this are based on firm successes 
with several existing educational programs. 



Development of new conceptual worlds is per- 
ilous in its apparent over-choice. Computing can 
do many things — which should we support, given 
limited resources. For educators the temptation 
is to teach what we already know, to deal with 
new discovery later. Unfortunately all instruc- 
tional development takes time, whether it is good 
or bad, useful or not. Schools lacking computers 
and/or specialized software readily view those as 
the critical barrier. Yet in places where all 
such things are available, the long haul of real 
development is clearly just begun. 

Against today's slow development of effective 
teaching material, we have an explosive use of 
computers -Jn subject research. As a medium, com- 
puters are transforming their subjects. In this 
situation, the Impulse to use them to teach what 
is already known can guarantee instructional ob- 
solescence. In physics, for example, many pro- 
grams are being written to teach specialized ana- 
lytic methods. Researchers, on the other hand, 
now make heavy use of more general numerical meth- 
ods. These wait in the wings. Every expansion of 
computing that widens the use of existing educa- 
tional programs invariably gives us the computing 
power to bring more relevant numerical methods 
into what we teach. 

To survive very long, the new worlds we cre- 
ate on computers must be computer worlds. They 
must Contain vlthin them the unique computer meth- 
ods which are most effectively changing the sub- 
ject.. To assure this, we should look to the com- 
puter breakthroughs, to areas in any discipline 
-Where old knowledge is encompassed and new knowl- 
edge Is abundantly promised. 

It may be possible to overdo in pursuing the 
future, of course. Today's view cannot be total- 
ly ignored. Colleagues and supporting agencies 
often look for immediate gains in processes they 
already understand. Good teachers have important 
things to say now, and the computer can be used 
to do it. We should seek good teaching every- 
where. It is something else to ask computers to 
do It better, to revolutionize the way we teach. 
It is a good bet that for today's world the com- 
puter revolution may never come. Computers may 
never do what Is done today more effectively, 
traditional subjects mav always be taught In tra- 
ditional ways. Prc\lng otherwise may be non- 
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productive and why bother.. Every area that uses 
computers heavily for research does so for a rea- 
son, most often because there is no other way, 
there is no real competition. These are the new 
worlds, they already belong to the computer. 

NEW WORLDS, WHAT WE MAY SEE 

It is probably fair to say that no one has 
yet seen computer worlds as they will * ome to be 
seen. Arthur Clarke has called computers one of 
the great unanticipated inventions of history. 
None of our great dreamers in science fiction or 
elsewhere prepared us for computers. With all 
that has been written that is still the case. 
Our most absurd guesses find technical solution 
almost as soon as we guess them. Computers talk- 
ing, seeing, thinking— whether you concede that 
these things are happening now or will happen 
soon depends as much on your definitions of these 
words as on the facts of computer behavior. If 
you believe that simple animals can do these 
things, it is Increasingly difficult to deny them 
in computers. 

These issues need never be settled. However, 
they do relate to what we expect as the n^^ar and 
distant futures of computing. Our choice of what 
we will try to do now is very much limited by 
assumptions, our inherent perception of what com- 
puting is and what it can become. In a sense, the 
New World Organization detailed below is a clear 
product of today's thinking, a pragmatic accep- 
tance of today's resources. It exists now. It 
is very different from C.A.I, because we think 
computers are and should be something very dif- 
ferent . 

We expect that real computer worlds will be 
based on uniquely electronic forms of interaction. 
They won't be like books or like lectures, movies 
or TV. The future will say, "like computers," 
or some other word and know the difference. We 
can only guess, but some guesses are better than 
others. First, they will be graphic to an extent 
undreamed oi . To those who have developed educa- 
tional interactions in both words and pictures 
this is obvious and assumed. Educational pro- 
grams without graphics were infinitely resistible; 
with graphics the arguments are few and far be- 
tween. For authors, the transition is irre- 
versible. 

.More powerful than experience are certain 
facts of biology. Iconic perception, the recog- 
nition and processing of visual patterns, is 
orders of magnitude more efficient for humans than 
other sensory means of communications. Between 
the parallel processing of pictures and the serial 
processing of words, there seems no competition. 
Having; both is, of course, very nice indeed.. Com- 
puters and vision are fundamentally matched, they 
share the same physical realm and liiritation— the 
speed of light. 

A second .ind related guess is that new com- 
puter worlds will appear as they must appear to 
make humans comfortable. Apart from trar.5ient 
hardware limitations, design will be dominated 
by psychology, human engineering, and the limits 
of programming skills and imagination. It is 



already clear that the harsh, domineering, "do 
net fold, spindle or mutilate" image of early 
computers has nothing to do with computers per 
se. Like today's language limitations, the feel 
of the interaction is restricted by the willing- 
ness of programmers to put themselves out for the 
user. Somewhere they draw the line, making their 
own lives easier, often citing the logical growth 
that comes to users from knowing at least that 
much "computereze." Fortunately, computer sci- 
ence builds upon itself. More accommodating pro- 
grammers react to the user's natural desires; 
until, we presume, those desires will become the 
dominant specification. 

If we consider what users may want, we find 
few universal models for a comfortable, interest- 
ing, and reasonably predictable world that can 
match the computer's potential complexity. One 
obvious possibility is a world that looks like 
another human being, perhaps in the guise of 
teacher, guide, or playmate. This choice is par- 
ticularly efficient, assuming that both parties 
are intelligent. Contexts and meanings can be 
understood . As between humans, we can have large 
areas of mutual assumption. The conventions 
learned since birth through continuous human inter- 
action can be extended to machines, commanding very 
complex responses without new or specialized 
skills. Still the computer's graphic expressive- 
ness can c,leai'ly exceed a human's, other real 
world analogies will be necessary. Possibly it 
will be the view from a car or airplane, through 
a TV set, or ultimately a hybrid environment with 
the corputer behaving both as a physical situa- 
tion ard as a set of explicit or implicit per- 
sonalities . 

CREATING NEW WORLDS NOW 

Suppose one takes these views, goals, and 
speculations seriously and attempts to pragmat- 
ically implement them. Presumably even a sub- 
stantial approximation to such a world could have 
value and much can be learned just trying. A 
kind of "proto-world" of this type was written by 
the author several years ago with the guidance and 
assistance of Alfred Bork. The result was called 
MOTION and has become an important experience for 
many students at Irvine, involving 1,000-3,000 
student sessions per month. The enormous success 
of a program "that you just talk to" led to other 
experimental programs, like QUANTUM, and the New 
UcrJd programs now under development. 

We have chosen to begin work in several sub- 
ject areas: physics, chemistry, mathematics, art, 
and potentially in physiology, biology, and social 
science. Within these areas of interest several 
worlds are being created, often sharing key re- 
sources. The dominant activity is extraction of 
new graphic knowledge from mathematical bases. 
New representations and simulation? are developed 
from the application of physical laws, mathemat- 
ical functions, transforms, and operators. Other 
major activities include symbol maMipulat,ion in 
chemical and mathematical equations, aesthetic 
and symmetry group analysis of graphics, and the 
self-generation of data bases. More precise spec- 
ifications for the initial worlds are developing 
as work begins. 
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The basic structures for nhese worlds have 
already been developed in MOTION, QUANTUM, GRAPH 
and other programs. The remainder of this paper 
will look at the details of that particular New 
World approach. 

NEW WORLDS, MICROSTRUCfURE 

Uvine*s New Worlds consist of many small 
pieces. Individually many of these might be rec- 
ognized by a research programmer or an author of 
computer-assisted instruction (C.A.I. ). The ele- 
ments most responsible for generating new knowl- 
edge are those labeled facilities or resources. 
Picked for their power and generality, each of 
these contains (1) a data structure, (2) numerous 
data manipulating subroutines, and (3) an analysis 
scheme that recognizes the pertinent data in every 
request for that facility. For lack of a better 
name, we call this latter recognition scheme, the 
"local intelligence," since it often looks at con- 
text and assumes a great deal of information for 
each use of a parLicnl.ir resource. This is a 
vital function in making thi? program human and 
interactive. Character ISLical ly, activities that 
involve computational waits exceeding three to 
five seconds are shunned completely. This makes 
it possible to alvavs do something . If the as- 
sumptions are inappropr Laue, users can then pro- 
ceed to make themselves more explicit. 

Facilities are inheretitly looping structures. 
They accept requests; they analyze them, setting 
subroutine and data base parameters; they modify 
or display information; and then they loop back 
to the start for a new request. 

The second distinct microelement produces 
dialog with an author. The techniques of branched 
programmed instruction are often used here. This 
discussion Is typically short, detailing a par- 
ticular topic or idea. It supplies definitions, 
examples, test questions, and other informative 
elements. With a few important differences, dis- 
cussions look very much like short, traditional, 
C.A.I, lessons. They represent the formal inter- 
vention of guides or instructors into the other- 
wise free play between users and facilities. 

Discussion elements are first written into 
new worlds to provide minimal instruct irns on the 
use of facilities. Feedback expands them to fur- 
ther ease the interaction. If resources are well 
chosen, they must lead many user-authors to new 
discoverv or to powerful examples of known phe- 
nomena. Author experience in a given world can 
be fed back, laying out productive paths, and 
reflecting the Importance of particular choices. 

A unique element In New World dialog is the 
root program or central intelligence. It is most 
responsible for the personality or outward appear- 
ance of the program. Following the QUANTUM model. 
New Worlds begin with two simultaneous presences:^ 
a conversational guide, wlio talks with text and 
animated graphics, and a graphic viewport that 
treats the program as a global map. Flying into 
the globe uncovers progressively deeper content 
maps. Ultimately these descriptors give way to 
participation in the labeled process.. 



The root's primary task is to respond intel*- 
ligently to any unanticipated user statement. 
Every such situation is considered a possible at- 
tempt by the users to change the subject or ask 
questions ot their own. Anything the world can 
do or or say. It will do whenever asked. 

f 

Ihe central ia^ " * xgence is responsible for 
tnovimj users to requested information oi facili- 
ties and for maintaining an intelligent conversa- 
tic^\. It does this in ways, inc'ependent of the 
p:,^k^ject. What it knows of the content comes from 
yjocabularies supplied with each £ .llity and dis- 
cussion. It possesses short and long-term memo- 
ries and uses these in conversational Protocols., 
It can repeat things, go back. It can suggest 
new topics. Important points are lemsmbered and 
suggested whenever the user appears undecided. 

NEW WORLDS, MACRO STRUCTURE 

A flexible, organic environment is needed to 
accommodate expanding resources and continuous 
feedback from many author-explorers. Typically 
the user is in immediate contact with only a small 
active portion of this world. The greatest bulk 
of any world can lie dorrAnt until called. There 
are many hardware/sof twa configurations that 
permit this. The rctive part may be a mini or a 
very intelligent terminal. It may be the in-core 
time slice of a larger timeshared computer. The 
dormant mass may be the single master copy stored 
on magnetic or video disc, locally or at some dis- 
tant site. New Worlds develop information either 
about the user or for his future use or for modi- 
fication and growth of the program itself. This 
requires volatile space, organized by program and 
by user. 

Irvine's proto-worlds are written for a time- 
shared computer. Complete load modules exist on 
discs. Typically they are several hundred thou- 
sands of words long, combining DIALOG (graphic and 
language analysis macros) and FORTRAN (numeric 
routines). This mass is highly structured in an 
expandable set of overlays. At any given time the 
overlay pattern in memory is a small fraction of 
the total. We try to keep this ready component at 
20-25K words or less. Larger partitions, while 
possible, usually face discrimination by systems 
of time and resource sharing. The overlays in 
memory furnish discussion, facilities, and a vo- 
cabulary for dealing with the present topic, they 
can also pull in related topics. 

The central intelligence possesses a simple 
keyword set that it uses to detect complete changes 
in subject. To go further, it swaps (overlays) 
into memory the appropriate subject vocabulary. 
If it has repeated difficulty, it reorganizes it- 
self to Include the entire world vocabulary at the 
temporary loss of previous content. 

The purpose of the vocabularies is to provide 
the central intelligence with descriptors of each 
topic and with simple keyword tests to sort out 
the most appropriate response to any input. Ini- 
tially only simple sorting is needed. Computer 
dialog is seldom limited by its ability to under- 
stand user input, more by the willingness of au- 
thors to provide many responses. 



Once the most appropriate topic has been 
brought Into core, more detailed syntax analysis 
can be performed. In the case of very powerful 
facilities, analysis may Involve parsing (compil- 
ing formulas into machine code) or elaborate sym- 
bol translations. 

A BRCINNING 

New Worlds create new educational opportuni- 
ties using powerful methods unique to the computer. 
They are not merely computers assisting instruc- 
tion nor instruction fr -^orputer methods. They 
are an interactive result, more than both and dif- 
ferent from rither. Their creation depends upon 
bot*i coop.-ratlon and division of labor between 
educators, content specialists, and computer scl- 
ent xsts . 



Invariably our most successful developments 
differ markedly from what we began with. We ex- 
pect that New Worlds will assume their own forms 
through use and feedback. Development Is organic 
and evolutionary rather than the final fulfill- 
ment of some grand and predetermined plaix* We 
start with seed worlds at Irvine. Potential world 
developers break off the subject free root and 
certain dialog facilities from existing programs. 
Tills structure is a complete dialog. It can talk 
to the author; it knows about dialog writing, but 
nothing about Its future content. It embodies the 
experience and combined efforts of previous devel- 
opers, but it can be changed in part or "in toto." 
It is just a beginning. 
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The US'* of Conputer Modulated Drawing 
in the Teaching of Art 



Charles M. Williams 

Computer Science Denartmcnt 
Virginia Polytechnic Institute 
and State Universitv 



The figures shovm in this paper are examples of ''Computer Modulated Drawings**. They were 
derived from a single source drawing and were produced by software developed by Williams (1) to 
allow artists to use a computer as a tool in rendering their own work. The process uses a Visicon 
Automatic Digitizer (2) to convert a hardcopy drawing into digits which are then manipulated by 
graphic collation software (3,Aj into data structures which isolate and mathematically describe /the 
geometry of the various lines which compose it. Th::;se data structures may be used as a direct source 
of commands for a digital plotter. Modulation occurs when the mathematical descriptions themselves 
are dynamically perturbed at the time of plot generation. 

The simplest form of modulated art is no modulation at all, and the results are a faithful pen 
and ink reproduction of the original drawing* Heavier modulation results in a work which retains 
the general holistic form of the original but which has been rendered in a completely different 
sty 16. The process is totally automatic and rapid» requiring (for the figures shown) roughly two 
minutes for digitizing, four minutes for graphic collation (on an IBM 370/158) and twenty minutes 
for plotting. Graphic collation times are roughly linearly proportional to the amount of line 
data present, and plotting times vary with the complexity of modulation. The entire system is 
parameterized and does not require a knowledge of computer progrcmming. Each type of modulation is 
coded by number, and the degree of perturbation is specified by such variables as amplitude and 
spatial frequency. 

The value of computer modulated drawing to the teacher of art is derived from a capability for 
allowing a drawing to serve as a single and constant source of data ror an indefinite number of 
variants to it. This permits the detailed and parameterized study of the visual effects achieved by 
varying line structure, line texture, pen stroking style, etc. in rendering truly constant subject 
material. Such renditions are not possible by hand, for subtle localized changes in style will 
inevitably be introduced by the human while redrawing subjective material. 

In essence the computer modulated drawing process provides the art teacher wit'., the, facilities 
of a computer darkroom with which to study tiie effects of different drawing styles on various subject 
matter. The source data for these studies may be carefully chosen archival works or they may be 
spontaneously selected drawings from the class Itself. The speed of the computer based process 
insures that results will rapidly be forthcoming even in the case of the most complex and tediously 
structured design patterns. 

The times required by computer modulation are currently largely a function of plotter speeds. 
Consequently the substitution of a display scope for a mechanical plotter can yield faster, though 
perhaps visually degraded, results. The plotter, of course, can manually be controlled in its 
employment of ink color and pen widths. The same data mav be repeatedly plotted to yield high 
quality results on differing grades of paper. 

The computer modulation process was expressly designed to give the artist the benefits of a 
computer while allowing him to perform much of his work in his accus^tomcd environment unfettered by 
the mechanical and electronic constraints often associated with machines. He prepares his work at 
his leisure using standard art supplies of his choice. When he has finished he secures his drawing 
to the surface of a drum which is mechanically rotated past an optical sensing mechanism which 
records black and white decisions based on the amount of light reflected from the documents Placement 
of the drawing on the drum requires roughly one half minute and needs no special mechanical 
aptitude. Digitization proceeds automatically and is completed in at most two minutes. 
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Tlu' dlRltizor output Is ft-d to n computer u-hlch tlu-n crtMtt-s thf j;fonotr ical Iv doscrlptlvc dat.i 
str ^^turcs« Modul«it ion begins wlicti the niodulntion p^irvinctcrs h«ivt» boon specified* The results ore 
plottvd ncchanic.il 1 V on j ^per or electronically on the face of n cnthode my tube. 

\ tvplcal hardware conf i;;urat ion n.iv include .1 diRltizrr, incrt-nontal plotter, and display scope 
connccttd to .1 ninlconputer < hich can coruntm ic.ite with a lar^or general pur.iose computer. The current 
i^raphlc collation and r^odulated drawing software svsten resides in IGOK hvtes of lUM 370/158 memory 
but hopcfullv futurt' s\stera,s will total Iv be resident within the r.i!ilcomput"r Itself. It Is envisioned 
that future svstems w'Hl incorporate computer graphics facilities which will allow an artist to 
r^nlpulate and modify !»l« drawing interactively. 

The art teacher can eriplov .such equipment throuRhout his don*ain of expertise in attackinj; problems 
In dravlr4»; and, Itencc, In the photomechanical print (etch In;;, lithograph, and silk screen). UeRlnnlnp. 
stud<nt.s Can btudy the effects of style on rendering simple subjects, and advanced ones can selectively 
Incorporate widelv varving modul.u ion techniques in creating arhitrarllv complex works. The full 
power of computer graphics can be invoked to a.'>sure that pleasing local ir.ed effects on a drawing are 
not destroyed while otliers are being developed elsewhere. 

In short the computer modulated drawing process provides the tea* her of art with a new and exciting 

tool with which to work. The computer Is involved in its appropriate domain of tedium, and the artist 

retains hi-* dominance in creatlvltv. Though the svstem is mechanical, the results need not have a 
mechanical appearance. 
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SUMMARY OF 
TICCIT PANEL 



The first complete instructional use of The 
MITRE Corporation's TICCIT CAI system will be dis- 
cussed by the TICCIT project directors at Phoenix 
College, Phoenix, Arizona and the Alexandria Campus 
of Northern Virginia Community College. New TICCIT 
applications in special education for the handi- 
capped and new TICCIT configurations will also be 
described. 

Participants: 

Mr. Dun Stan Hayden 

Northern Virginia Community College 

Mr. Fred Morrison 
Phoenix College 

Ms. Wanda Raopaport 
The MITRE Corporation 
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"PRIVACY AND THE PRUDENT COMPUTER-MAN" 



David Allen Weinberg 
Computer Audit Systems, Inc.^ 



The future is rapidly crossing the threshold 
of 1984, but with unexpected anti-Orwellian 
consequences. We, in data processing, are fearful 
of maintaining and processing freely acquired data. 
T\iis is data from individuals who have usually 
req'iested that such material be made available to 
a specific institution for purposes of supporting 
the individual's future aspirations. 

What we are realizing is that by 198A our 
primary fear may be of our Inability to utilize 
openly disseminated information. Th.s acutely 
contrasts the supposed Orwellian nightmare of 
hidden governmental data gathering and 
surveillance activities that destroy the individ- 
ual citizen's ri^ht to orivacv. 

As this time It is difficult to bf» certain of 
thf* f»xact flavors and shadings of the future 
legislation which will assuredly be forthcoming. 
What is required today are not prophesies of the 
future, but patterns for positive design and 
action. 

What is the heart of our problem today? I 
do not share the conviction that we must fear 
criticism or even legal actions for failing to 
comply with standards and laws which are presently 
undefined. I do believe tliat today, as DP 
administrators, we are expected to take such 
precautions as can reasonably be expected of a 
competent professional. 

We must act based on what a "prudent man" 
would be expected to know and do. This list 
of knowledge is quite broad. It does not 
specifically require intimate familiarity with 
the "Privacy Act of 1974" (more properlv 
S 3^18). Neither is the prudent man expected 
to meet all the criteria contained In such 
texts as the AKIPS, "Security Systems Review 
Manual"; or FIPS, "guidelines for Automatic 
Data Processing, Physical Security and Risk 
Management" . 

However, a "prudent man" would be 
expected to be familiar with these documents. 
He should also be in a position to demon- 
strate that, based on practical constraints, 
his DP center is conplylng with "reasonable 
data security and legislative expectations"; 
or, that as a minimum, the DP center has plans 
which will result in such compliance. 

Your role for the future should be active. 

Begin taking those steps to safeguard data 

steps that a reasonable man would take. And, 
become active in influencing future legislation. 
Let your governmental servants hear from you. 



Let them know what the real world is like. The 
collective voice of thousands of prudent men 
should not go unheard. 

The task before you is not easy. However, 
as professionals, it is within your grasp. We 
should all look forward to 198A with confidence. 
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^^ODEL-BUI^J)ING and computer SI>aJLATION 
FOR NON-PROGRAMMING USERS* 



William L, Bcwlcy 

Minnesota Educational Computing Consortium 
Lauderdale, Minnesota 55II3 

"How strange,,, that 'computers in education* should so often 
reduce to 'using bright new gadgets to teach the same old stuff 
in thinly disguised versions of the same old way'," 

Papert and Solomon, 1972 



This paper describes progress toward develop- 
ing a technique that may help us use the computer 
to teach new stuff in a new way* The technique is 
based on the idea that learning involves building 
internal (mental) models of reality, testing these 
models against reality, and correcting (debugging) 
the models when errors are found* The idea is not 
new — it has been expressed by Minsky (1968, 1970) 
and its philosophical roots lie in the Cartesian- 
ism of the 17th century* What is new is the 
technique — the digital computer is used to help 
the user externally represent, test, and debug 
his internal models* 

The technique assumes no user knowledge of 
computer programming* The computer is programmed 
to perform several information-processing opera- 
tions appropriate for a certain class of models, 
e.g,, queueing models* The user builds a model 
by specifying the sequence in which the opera- 
tions are to be performed* The program then 
runs a simulation of the modej.* Because the 
user has net written a computer program, any 
errors revealed by the simulation can be attribu- 
ted to the logic of the model* The user debugs 
the model by changing the sequence of operations* 

Two sample mod el -building programs, Q and 
EAT, are described below* 

Program Q — A Queueing Model Program 

Table 1 describes operations appropriate 
for queueing models, which are provided by the 
BASIC program called Q* There are two kinds of 
operations required to build a model: actions 
(which do things) and questions (which ask if 
things have been done)* In Table 1, operations 
1 through 6 are the actions and operations 7 
through 11 are the questions* There are two 
operations in the table that are neither actions 
nor questions — operation 0 (zero) which is used 
in inputting the model, and operation 12, which 
is used to obtain information on the current 
status of model elements* 

* The programs described in this paper were 

developed with support from the National Insti- 
tute of Education while the author was with the 
Computer Technology Program of the Northwest 
Regional Educational Laboratory, Portland, 
Oregon* 



A generalized flowchart for program Q is 
shown in Figure 1* The program begins by asking 
the user to input his model by specifying the 
order in which operations (identified by the 
numbers in Table 1) are to be performed. When the 
number for an action is entered, the program asks 
for the next operation to be performed. When the 
number for a question is entered, the program asks 
for two operations: (1) the next operation to be 
performed if the answer is yes (the "yes" branch) 
and (2) the next operation to be performed if the 
answer is no (the "no" branch) * The program then 
follows the "yes" branch leading from the question, 
asking for the operation to be performed following 
the "yes" answer* It continues asking for opera- 
tions until a 0 (zero) is entered as an operation 
number; this means that there are no more opera- 
tions to be entered* At this point, the program 
checks to see if it has followed the "no" branch 
from every previously specified question* If it 
hasn*t, it goes back and begins asking for opera- 
tions in the most recently specified "no" branch 
which needs to be followed* If it has exhausted 
the "no" branches, it stops asking for operations 
and lists its representation of the flowchart, A 

ample run of program Q showing the input of a 
model is given in Figure 2, The model is repre- 
sented as a flowchart at the left of the figure* 

The trickiest part of entering a flowchart is 
in forming loops* A loop occurs whenever a series 
of at least two operations is to be performed again* 
The program recognizes a loop whenever the first 
two operations in the repeated series (including 
both branches of a question) are entered and then 
followed by a zero entry* Thus, to form the loop 
from "Queue Empty" to "Input a User," operation 1 
is entered, then operation 7 with both of its 
branches, and then 0* 

As the user enters a model, the program builds 
a flowchart* The program^s flowchart, a four- 
column matrix of numbers, is printed when the user 
has finished entering the model* The first column 
of the matrix numbers each row. The second column 
contains operation numbers* The operation in row 1 
is the first to be performed* The third and fourth 
columns contain the row number of the next opera- 
tion to be performed* If the operation which has 
just been performed is an action, the row number 
for the next operation is in the "yes" column. 
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Thus, if wc start at row 1 and perform operation 
1, the next operation is the operation at row 2, 
operation 7. The "no" column contains a non- 
zero value only in rows containing a question* 
In those rows, the number in the "yes" column is 
the row at which the operation following a "yes" 
outcome is to be found, and the number in the 
"no" column is the row at wliich the operation 
following a "no" outcome i? to be found. 

After it has printed the flowchart, the 
program asks the user to input values for inde- 
pendent variables and the desirf number of 
iterations for a sinulation of t.-ie model. The 
sequencing of operations for the simulation is 
controlled by a comTputea GOTO statement which 
transfers control to the segment of the program 
corresponding to the operation indicated by the 
flowchart* Tlie simulation continues until an 
action leads to an error (see the example in 
Figure 2) or the desired number of iterations 
has been reached* When the simulation ends, the 
program is either stopped or continued as' shown 
in Figure 1* 

Program EAT--An Energy Consumption Program 

Table 2 describes the operation appropriate 
for program EAT, a BASIC program having the same 
generalized flowchart as program Q, but testing 
models of a different class* Operations 1 
through 5 are actions; operations 6 and 7 are 
questions* Operations 0 (zero) and 8 through 10 
arc special-purpose operations: operation 0 
(zero) closes loops and operations 8 through 10 
output the current status of model elements. 

Hie class of models handled by EAT are 
simple energy consumption models* The system to 
be modelled is the biological syr.tem controlling 
hunger and eating behavior in an imaginary animal 
(see Lindsay and Norman, 1972, pp* 595-604). The 
inputs to the system are the nur.:ber of hours in 
the observation period (how long we want to watch 
the animal), the initial energy reserve (the rese 
reserve of energy present at the beginning of 
the observation period) , the goal energy reserve 
(the energy reserve needed to maintain life), 
actual incentive value (the incentive value of 
food available in the environment), the goal 
incentive value (the incentive value of food 
that the organism would like to eat) , the energy 
consumption rate (the amount of the energy 
reserve consumed during one hour of the observa- 
tion period), and the energy intake rate (the 
amount of energy generated from the food eaten 
in one hour of the observation period). These 
inputs are, of course, the independent variables* 
The actual values assigned to these variables are 
unimportant; the concern is with the relation of 
the value of one variable to the value of another, 
e*g* , whether the intial energy reserve is greater 
than, equal to or less than the goal energy 
reserve* The outputs of the system are three 
behaviors; searching for food, eating food, and 
sleeping. A sample run of Program EAT is shown 
in Figure 3* 



Final Comments 

Program Q and EAT have been described in order 
to show how the computer can be used to teach new 
stuff in a new way* The new stuff is the building 
and debugging of models* The new way is the use of 
the digital computer as a medium in which to do the 
building and debugging. There have been other 
attempts to put model-building into the curriculum; 
the Man Made World of the Engineering Concepts 
Curriculum Project, Polytechnic Institute of 
Brooklyn, involves the use of a special-purpose 
miniature computer by high school students; William 
Dom of the University of Denver teaches math to 
college students by having them write their own 
computer simulations; and Seymour Paper t and the 
LOGO group at M,I*T, have taught math to elemen- 
tary school students using the LOGO language and a 
programmable "turtle."* The present approach 
differs from these, however, in that there is no 
need for special equipment like a miniature compu- 
ter or a turtle, for a special-purpose language 
like LOGO, or for assuming that students know how 
to program. All that is needed is a computer, a 
teletypewriter terminal (assuming interactive pro- 
grams, though fast batch is certainly possible), 
any general-purpose language, and at least one 
person (the instructor, another faculty member, or 
a student) \A\o can program. Programs like Q and 
EAT can be created for any class of models by 
defining the actions and questions to be provided 
and following the generalized flowchart of 
Figure 1. 

Our work is still in the developmental stage. 
No full-scale testing has been done, but the high 
school students who have used the programs enjoy 
them and seem to be able to use them* One source 
of difficulty that we have found is that the proce- 
dure for forming loops is awkward and sometimes 
confusing ♦ We are attempting to remedy this 
problem by allowing the user to enter the word 
"LOOP" followed by the operation number at which 
the loop is to end* We also intend to develop 
programs appropriate for other classes of models* 
We are especially interested in developing more 
realistic energy consumption systems which allow 
the use of limited energy sources and include the 
need to expend some available energy to produce 
more energy* 
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Table 1 



The Operations Perfomed by Program Q. 



Operation 
Number 


Name 


Description 


0 


End Loop 

- 


j 

Used in forming loops. Tells the 
program that a loop has been 
completed* 


1 


Input a User 


Gets next user from pool of potential 
users not in queue or service facility 


2 


Enter Queue 


Puts the user obtained in Operation 1 
into queue 


3 


Enter Facility 


Puts user at top of queue into the 
service facility 


4 


Leave Facility 


Outputs user in service facility 


5 


Advance Queue 


Moves each user in the queue up one 
place in the queue^ i.e., second in 
line becomes first in line, etc. 


6 


Increment Time 


Adds 1 to current time; stops program 
when run time is reached 


7 


Need Service? 


Determines if user obtained in 
Operation 1 needs service; prints 
user number if yes 


8 


Mora Users? 


Determines if all potential users in pool 
have been obtained by Operation 1 


9 


Facility Empty? 


Determines if there is a user in the 
service facility 


10 


Service Done? 


Determines if service on the user in 
the facility has been completed; prints 
user number if yes. 


11 


Queue Empty? 


Determines if there are any users in 
the queue 


12 


Output Current 
Status of Model 
Elements 


Causes printing of current 
contents of service facility and 
queue 
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User Options: 

1. Input new values for 
Independent variables 

2. Input new model 

3. Stop 



STOP ^ 



Figure 1. A Generalized Flowchart for Program Q. 
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Inpu^j^ user 




Enter queue 
(2) 




Enter Facility 
(3) 




No ^^ervic^ 
Done ? 



Leave Facility 
(4) 



Figure 2., 
A Sample Run of Program Q. 
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STAATI»'0 FfOM V'MHFH 2 'JFXT M-linF«? 1 I 

tN;p:ir vfxt --Jiwi^.-'jt if tutomp i*, vfs'm 

N'-'Jr VK/^T ^J^M^JKH IF OlIfOMF IS 'VIWI 

.srAjlTIVG KftOM MJiMHC'l | VF<T 'J'MPFH?? 

IVnriT \'KXT V'l^lPFrt IK OMTCOM*; IS 'YFSW^ 

IVPlIT \'PXT VMvinFH IF OMTCUF IS 'VTM 

bTAr<rrVp FAIM ^JtKO^J 2 VKXT ^JM^RFpJO 



[ Forml 
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"Input « Us«r* 
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IS -n'?! 


1- 
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C'JAUT 
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1 


I 






?> 


0 


s 


7 






1 


1 


1 


? 






*t 


0 
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1 


s 




1 








0 




10 






7 


1 


t 


it 






1 


0 



Fonnlac Loop from 
•*N«td Service- to 



The model contains several bugs. 
This run reveals one of them. 
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Table 2 



The Operations Performed by Program EAT 



Number 



Name 



Description 



5 
6 

7 

8 

9 

10 



End Loop 
Need 



Current Energy 
Reserve I 



Current Energy 
Reserve II 



Desirability 

Excitation 
Need < Zero? 

Excitation ^ Zero? 

Sleep 

Eac 

Search 



Tells the program that a loop 
has been completed* 

li^cd « Goal Energy Reserve - 
Current Energy Reserve*; prints 
new value 

Current Energy Reserve ■ 
Current Energy Reserve - 
Energy Consumption 

Current Energy Reserve « 
Current Energy Reserve - 
Energy Consumption + 
Energy Intake 

Desirability Actual Incentive - 
Goal Incentive; prints new value 

Excitation « Need + Desirability 

Determines if need is less than or 
equal to zero. 

Determines if Excitation is greater 
than or equal to zero* 

Outputs hour and the word "Sleep;" 
increments time 

Outputs hour and the word "Eat;" 
increments time 

Outputs hour and the word "Search;" 
increments time. 
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Current Energy 

Reserve I 

(2^ 



Sleep 



Desirability 
W 



Excitation 
(5) 




Current Energy 
Reserve II 

-01 




Current Energy 
Reserve I 

(2) 



Seareh 
(10) 



MAT IK rn* oiiTO')^*' IS '^J) 
■r>'n.n UK n • 

wi'MT jrxT ■nj;nKii ik i it«:o*^k is vj"S*?t 
Nv;ir >J»^/.T >jiM')''» IF osiTOir IS ''nwa 
STA.ai>Jo F,n^< -j^M'^Fn 3 nk-^t >j'!iM^n?<) 

i^i*n >jv<r >J.iii»^it IK ouTO^p 1^ 'rFS'TS 
iMfiir ■J^'xr T'-ii'^n I*" ouTO-i*" I"- *^')*?^ 

SraKTI^r FlTi 'J HflFH ?. >JF<T >lniHK?<?0 



Y1" SAID 



THAT 1*^ TtlF. -JUrr^MF IS T***" "iFKJ >JiMI»Pfl 

V> or 2 • 

>;?<T MiMUFH? I 

ijiMT 'JK'.T vt^9'":t IF '^!iTC):r IS *i'<'S'?n 



F'.O-J TMA.IT 







YF5 




1 


1 




0 


a 




3 




3 




A 


n 


'1 




1 


0 


s 






0 




s 


7 


0 


7 


7 


•< 


10 


H 


:i 




0 


i 


9 




0 


10 


? 


1 1 


0 


II ^ 


10 




0 


r:»'fT 


^ ).< i-jrr»»'.*ji)F>JT 


V'Vltl A!».rs 






t^'ul 






I'MTI » 










'^r t >K? 100 






in. :n 


.rr /■ >..t.'ip'a3 















1 J 'i^.'i'l k>J ,<A.F?3 

:ta.<v t^TF?/! 



Figure 3, 



A Sample Run of Progran E/\T. 



S» FAT 



HOMi{ 3 FAT 



sii^*M)it.i r/'-2 

#13 I.J U ~A7 

va:t to CMA'jr? v.^.tt^-s i^ncp«^^)> it vA»>iAH>s*n 
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USS OF COMPUTU SIMULATIONS 
LS LOGISTICS MANACMNT KDUaTIOH 



David A« Aneen» Fh«D« 
Vlrtlnla Coononweulch Unlvertlcy 



On the ground floor of a three- itory, 
reinforced concrete and clnderblock building, 
Uicatcd approxitnately 135 miles south of the 
Pentagon, a group of field grade officers and 
senior Department of the Army civilians huddled 
closely around a table in a brightly lighted 
conference room. The site of this oeeting was 
near the site of a graat Civil War battle—the 
Battle of the Crater. Pater sburg. Virginia. 
Tills group had a problem similar to that of the 
loglstldans of the northern and southern forces 
during the battle for Petersburg— the mission 
of supplying field forces with tha necessary 
material to support the combat mission. Of 
course, the task was magnified tre*nendously; 
this was the nuclear age. and the implements of 
.;ar ranged from nuclear weapons and missiles to 
the Individual weapons required by the modem 
solJlcr* 

rhese senior army personnel were discussing 
funding, budgeting, main battle tanks, overhaul 
scheduling, helicopters, generators to support 
nisslto systems, track shoes for tanks, paint, 
and sonc nuts and bolts. Their interest and 

nt!.uslasm were real and they freely interchanged 
thoughts, ideas and recommendations. 

The members of this group were students 
attending the U.S. Army's Logistics Ixecutive 
Development Course at Fort Lee. Virginia, and 
were actively engaged in a cosputer-assisted. 
decision-making logistics exercise known as 
CALOGSI.-i» T!tis is but one of several courses 
conaucted by the united States Army Logistics 
i'binagement Center at Fort Lee. Virginia. The 
center's mission is to develop management 
skills of both middle and top level army logis- 
tics managers and provide uniform training in 
United States Army wide aspects of logistics 
management. This training is required to fill 
a ctitical need for adequately trained manage- 
ment personnel in the t^olesale logistics 
system. 

The casa method of instruction used so 
successfully by many graduate level business 
schools was initially selected as the principal 
metiiod of instruction at the center. The study 
and analysis of real or fictional cases provides 
the student with an insight and understanding 
tlut is normally acquired only through years of 
experience « The Interchange of thoughts between 
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meabers of the group, the give and take of lively 
discussion, and sound logical decision making 
provide the ingredients for excellent learning. 
Frequently, howevar. conclusions reached or 
decisions made cannot be tested against the 
situation; chay can only be compared against 
history or left unresolved. In situations where 
many cotsplex variables are involved this leads 
to some frustration since the student cannot 
live with his decisions or see the results of 
his actions. To overcome this shortcoming of 
the case method of instruction and to emphasize 
learning by doing* the use of computer simula- 
tions and business gaming \ms explored. 

A computer simulation used for training may 
be considered to be an extension of the case 
method, primarily in two major areas. 

The first area concerns student involvement. 
In a case a student analyzes a situation and 

attempts to project himself into the roles of 
the managers depicted in the case. In effect, 
he night say that had he been Colonel X he wouU 
have taken a different course of action or reac- 
ted in a different manner; but. had he really 
been Colonel X he may have reacted in much the 
same way as Colonel X did, in other words, in 
studying a case, the student looks at a situation 
in an objective rather than a subjective manner; 
whereas » in a simulation he is subjectively invol- 
ved. 

The second area concerns living with deci- 
sions. Going back to the previous illustration 
in which the student stated that had he beeti 
Colonel X he would have taken a certain course 
of action, another student might counter with the 
statement that had he taken that course of action, 
six months from now'he would be in trouble due to 
the effects of certain probable eventf which 
might occur in the future. However, in a system 
as complex as the army's logistics syslem, with 
the many interacting variables involved, it is 
almost impossible to predict the effects of these 
variables on the student's decisions. However, 
with the use of a computer to simulate the passage 
of time* the effects of interacting variables on 
a particular decision can be readily treasured. So 
the student really is forced to live with his 
decisions. 

One of the primary objectives of the center is 
to train students in effective supply management. 
In support of this objective, the question 




was asked, "what really makes one man a more 
effective supply manager than another?'* It was 
found that in addition to having Che necessary 
basic attributes of intelligence, flexibility, 
adeptness, etc., that what made one man a better 
manager than another was generally years of 
experience. The question was how could we give 
the students years of experience in the few weeks 
they were in attendance at our courses. The 
answer we found, was to use computer simulations 
to compress time; thereby, giving students so- 
called accelerated experience. 

Computer simulations are used in nearly all 
the center's courses. They generally occur at 
the end of the course serving as a more or less 
capstone of the course. It is at this point 
that the students have an opportunity to put into 
practice what they have been taught. 

Described below are three of the center's 
major computer simulations. All of the simula- 
tions have a scenario programmed into the com- 
puter which simulates the passage of time and 
the effects of both student decisions as well 
as certain real life events which occur in the 
particular model concerned. 



CAI.OCSIM (A Computer Assisted Logistics 
Simulation) 



CALOCSIM simulates the functions of a 
commodity nanagemea^^roup at an Army National 
Inventory Control Point. The functions that the 
sitnulated c tr^nodity management groups perform 
during the simulation are typical of those per- 
formed at a real- life National Inventory Control 
Point. They are as follows: 

Requirements determination 
Procurement direction 
Distribution management 
Rebuild direction 
Disposal direction 
Controls 
Of'Cisu^n making 

The supply management group manages both 
principal items and minor secondary items and 
repair parts. The data pertaining to these 
Items are based upon real-life data collected 
from .actual Nirp's. The simulation is designed 
to co^or thf manajjenent of fifty principal items 
and 450 minor secondary items and repair parts. 
The group manages the princip.il items by exer- 
cising Worldwide control and develop materiel 
programs to fund their procurement. The prob- 
lem of phasing in new items, geographic stan- 
dardization, repair scheduling, redistribution 
of stock, initial provisioning and funding face 
the principal itetr. managers. These problems 
become more real as the shortage of funds re- 
stricts inventory modernization. 

The minor secondary items and repair parts 
range from nuts and bolts to large assemblies. 
Many of the items support the principal items 
and maximum interchange of information is 
required to manage the items properly. 



The supply management group controls a dis- 
tribution system consisting of eight U.S .Army 
depots. The demands placed on the system are 
controlled by a scenario and simulates requests 
placed by customers. To fulfill the demands, 
the managers take appropriate action to buy new 
items, repair unserviceables (in-house or con- 
tractual), redistribute stock, make direct ship- 
ments to customers from vendors and other supply 
decisions which are possible in the real system. 
The scenario is a chronological sequence of 
events that occur in the supply system being 
managed by each group during the course of the 
simulation. Since the exercise is designed to 
simulate four years of operation, the scenario 
is divided into 48 time-frames, each representing 
one month of the four year span of the simulation. 

Two of the major objectives of the simula- 
tion are to provide supply managers, in an atmos- 
phere of real life complexity, opportunities to: 

(1) Practice decision making in a situation 
where errors are not costly. 

(2) Practice better supply management using 
the latest scientific management tech- 
niques. These Include economic order 
quantities, statistical safety levels, 
probabilistic returns of rcpairables 
and different methods of forecasting 
demand. 

In addition to the training benefits, the 
more sophisticated managers can utilize C.J.OGSIM 
as a laboratory to experiment with and measure 
the results of some of the more recent scientific 
and mathematical techniques applicable to logis- 
tics systems. 



CAPKRTSI M (A C omputer Assisted PKRT Simulation ) 

CAPERTSIM *s based upon an application of 
the principles of PKRT (Program Evaluation and 
Review Technique) which is recognized as one of 
the more powerful management tools to emerge 
into the forefront in recent years. This system 
is now almost universally utilized by the mili- 
tary services in managing their complex weapons 
systems projects. The Navy Department has stated 
that it was due primarily to PERT that they were 
able to have in being an operational Polaris 
missile system two years ahead of schedule. 

One may ask, "Just what is this ne^J manage- 
ment tool and what makes it so powerful?" In 
concept one may reply, "It is simply a method of 
planning and controlling interdjpendent activi-^ 
ties in order to determine potential problem 
areas and insure timely completion." However, 
in detail, PERT is much more than this. It is 
an entire system for planning and evaluating 
progress in the development of complex weapon 
systems. It is the scheduling and monitoring of 
thousands of items which make up a complex wea- 
pon system, many of them involving research 
and development which in itself is difficult to 
schedule and/or predict precisely, that makes 
weapon system management so difficult and the 
PERT technique so valuable.. 
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An apparencly unimportant event at a subsys- 
tem level* which could easily escape the atten- 
tion of an overall weapon system manager* could 
mean a major system delay at some point in the 
future unless corrective measures are taken 
icomediately. 

For example, a two-we<k delay in the ship- 
ment of a tiny bearing for a gyroscope might seem 
unimportant to the system manager of an ICBM 
missile program* But this could result in a 
three-month delay in actual flight testing 
because of a shortage of launch facilities when 
the missile finally is delivered. 

Using linear programming techniques adapted 
to include statistical (probability) concepts, 
and digital computers to speed the analysis of 
interrelationships between the thousands of wea- 
pon system elements, PERT provides managers with 
all information required to effectively manage 
the system. 

Recognizing the critical need for training 
project managers in the use and application of 
this concept, USALMC, developed a PERT simulation 
involving cost- time trade-offs* 

CAPERTSIM simulates the management of a 
complex developmental type project utilizing the 
management tool known as PERT, Activities and 
events within th«* project are depicted graphi- 
cally in network form showing all interrela- 
tionships and time dependencies. Each activity 
has an associated cost as a function of time. 

The function of the Simulated Project 
Management Group is to achieve timely project 
completion at minimum cost in light of statisti- 
cal probabilities. CAPERTSIM is designed to 
cover six reporting periods, each of which simu- 
lates 20 days of real time. The students are 
furnished computer-prepared situation summaries 
at the end of each reporting period which clearly 
pin-point critical and potentially critical 
elements in the program and their probable effect 
on the overall system schedule* A scenario is 
prograrrmed into the computer which simulates 
the passage of tirne and the effects of simulated 
real life events. These in turn evoke manage- 
ment decisions on the part of the students. 

Some of the objectives of CAPERTSIM are to 
provide students, in an atmosphere of real life 
complexity, experience in: 



CARESIM (A Computer Assisted Repair Simulation) 

In this simulation managers are placed in 
a maintenance environment in which they must 
determine the optimum maintenance policy for 
replacement of parts on each of several items 
of equipment. It permits the testing of four 
different repair part replacement policies in 
order to determine the optimum policy. These 
policies are as follows: 

1, Replace individual parts only as they 
fail* 

2. Replace all parts when one fails* 

3* Replace a part which fails and replace 
all other parts which have been in use 
for X no. of hours or more. 

4. Replace all parts after X no. of hours 
of operation or at time one part fails, 
whichever is earlier. 

Each piece of equipment is tested for a 
period of fifty thousand hours of operation 
under each of the different policies to deter- 
mine what the cost would have been had that t 
policy been implemented. The computer simulatea 
the 50,000 hours of operation In approximately 
five seconds* This is done by the Monte Cai'Io 
technique, knowing the probability distribution 
of failure for each piece of equipment. In 
effect, students are able to measure what the 
results of a particular decision would be before 
they actually implement it. 

As more advances are made in the state of 
computer technology and as more experience is 
gained in computer simulations, future uses of 
computer simulations as an aid to education ard 
decision making should increase considerably. 
Complex operations will be reduced to mathemati- 
cal models capable of being programmed on co^'pu- 
ters with complete quantification of ail the 
interrelationships existing within the operation. 
Managers and students will then be able to more 
adequately measure the results of a particular 
decision with a very hifsh degree of validity. 
The use of probabilistic rather than deterministic 
models will also greatly enhance the education 
and decision making process. As a result, signi- 
ficant advances in the scientific methodology 
applicable to decision making should be made and 
result in more efficient and effective decisions 
being made at every level of operation. 



1. Evaluating cost- time relationships and 
trade-offs. 

2. Evaluating effects of alternative 
courses of action. 

3. Decision making under uncertainty. 

4. Group dynamics. 

5. Utilizing PERT as a scientific manage- 
ment tool in conjunction with a computer 
to assist in implementing management by 
exception techniques. 
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THROWING DICE BY COMPUTER 

Alan L. Breitler 
Associate Professor 

Montgomery College 
Takoma Park, Maryland 20012 



In order to teach students at Montgo- 
mery Community College about probability 
and the way it manifests itself in our 
daily lives, a computer program DICE 
(VERSION 1) was devised which permits 
students to "throw" s pair of dice 5000 
times in a few seconds, and then analyze 
the results. 

It can be seen that the distribution of 
probabilities is symmetric about 7, which 
has the highest probability of occurring. 

To verify these theoretical probabil- 
ities the student runs the DICE 1 program 
which "throws" the dice 5000 times and 
prints actual probabilities. (The 
student is encouraged to use another pro- 
gram to get a chi-squared value on the 
actual versus theoretical probabilities 
to de^<^rr.inc the significance of any dif- 
ference that may appear). 

Once the student is satified that the 
probabilities prediced by theoretical 
considerations ar^ v^T-ified in practice 
he can proceed to the next step - simple 
loading . 

The simple loading program DICE 
AVERSION 2) prohibits certain values 
from appearing on each of the two dice, 
thus one die may be prohibited from 
coming up with a 3 and the other die 
will never appear with a 4. Prohibit- 
ing this combination, many students be- 
lieve, will somehow decrease the number 
of 7 totals and the probability of a 7 
total appearing. Students are general- 
ly surprised when they discover that a 
greater probability of 7 and more 
sevens result from such loading. 



Program Flow Chart for DICC (VERSION 1) 



SELECT 
TWO RANDOM 

VALUES 
BETWEEN 
1 AND 6 



COMPUTE 
THE SUM OF 
THE TWO 
RANDOM VALUES 



-1 



INCREMENT 
THE COUNTER 
FOR THE 
CO>fPUTED SUM BY 1 




Yes 



PRINT SUMS, 
CORRESPONDING 
COUNTERS AND 
THEORETICAL 
PROBABILITIES 



[ END ] 
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The above chart indicates what happens 
when 3 is barred on one die and 4 is 
barred on the other. 

Theory indicates that the frequency 
with which a particular total of 2 dice 
will appear is based on the following 
table : 
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calculable by means of the following: 

P = ^> of times total appears in table 
total # of possibilities 

The total number of possibilities is 
36 (i.e., 6x6). The probabilities and 
approximate percentages for each total 
are: 



otal 


P 


% 


Total 


P 






2 


1/36 = 


.0278 


7 


1/6 




.1667 


3 


1/18 = 


.0556 


8 


5/36 




.1389 


4 


1/12 =« 


.0833 


9 


1/9 




.1111 


5 


1/9 = 


.1111 


10 


1/12 




.0833 


6 


5/36 = 


.1389 


11 


1/18 




.0556 








12 


1/36 




.0278 



Probabilities now are as follows: 
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12 
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.04 



The probability of a 7 total has in- 
creased from 1/6 to 1/5! 

Many other interesting combinations 
have been tried with sometimes equally 
surprising results. 

Some students, unhappy with the arbi- 
trary nature of the simple loading, de- 
cided to write a program which more ac- 
curately simulated real events. They 
constructed a routine which permits frac- 
tional loading in which a certain percent- 
age of values are rejected. 

Thus a 3 on one die might be acceptable 
607o of the time and a 4 on the other 45% 
of the time. The implications of the re- 
sults are not yet clear, but these 
students are gaining a greater knowledge 
of probability theory through their com- 
puter - aided investigation. 
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ADMir:iSTPATIVE AND INSTRUCTIONAL 
COMPUTING IN MINORITY INSTITUTIONS 



John W.> Hainblen 
University of Missouri-Rolla 
Gerald L. Engel 
Virginia Institute of Marine Sciences 
Vincent H, Swoyer 
University of Rochester 
Lawrence Oliver 
National Science Foundation 



Background 

Many of the mmont)' institutions are 
feeling the pressure to obtain computer 
facilities for instructional purposes. 
Because they are relative small (enroll- 
ments at most are less than 5,000), the 
immediate question which arises is "can we 
also make use of the computer for admini- 
strative, funct ions , such as registration 
grade reporting, accounting and alumni 
affairs," and, of course, the answer is 
"ihat depends--,." 

During the late fifties tiiere were 
numerous opportunities for institutions 
(even large universities) just getting 
started to attend meetings and workshops 
to learn, share and discuss various 
alternatives, approaches, and teciuuques 
of using the computer for research, 
instruction and administrative data 
processing. This continued through the 
sixties for smaller institutions. 

A d ni 1 n * s t r a 11 ve Co mp u 1 1 n g 

buch meetings as the Machine Records 
I oiife rence s , the annual meetings of the 
Association for Educational Data Systems, 
CAU^iL, LOMMO.N, CUL'IUG, etc., became more 
sophisticated and m some cases equipment 
dependent (user groups). Many of the 
minority institutions have neither the 
eciuipment resources or experiences to 
participate ii. such meetings today. On 
the other hand a few have such resources 
and experiences which can and should be 
shared with their sister institutions. 
It nas been proposed that the Association 
for Educational Data Systems be the 
catalyst for this exchange. 

Conferences such as the Machine 
Records Conference and the annual meetings 
of ALDS attract primarily administrator- 
from institutions having large and 
sophisticated equipment utilizing in most 
ca^es advanced computing technologies and 
concepts well beyond the experience and 
resource capabilities of most minority 
ins t 1 tutions . 



The objective of the proposed work- 
shops is to provide stimulation and assis- 
tance to four hundred college administra- 
tors from minority institutions. The most 
likely offices to be represented are 
registrar, admissions, accounting, alumni, 
development and purchasing. The proposer 
feels that the introduction of the admini- 
strators to computers ar d their uses m 
administration would greatly strengthen 
their ability to consider alternatives in 
computer selection and participate m 
information system analysis and design. 

Instructional Computing 

During the past six years, the 
National Science Foundation has partially 
supported six annual conferences on 
Computers in Undergraduate Curricula 
(Iowa, 1970; Dartmouth, 1971; SRLB, 1972; 
Claremont, 197:?; Washington State, 1974 ; 
and Texas Christian, 1975). 

Prom the start, the Conferences on 
Computers m Undergraduate Curricula 
attracted primarily faculty from insti- 
tutions having large and sophisticated 
equipment utilizing in most cases advanced 
computing technologies and concepts well 
beyond the experience and resource capa- 
bilities of most minority institutions. 

In 1974 Lincoln University of Missouri 
received a $151,700 grant from the 
.National Science Foundation's Minority 
Institution Science Improvement Program to 
provide for the Hirst Conference on* 
Ld uc a 1 1 o n a 1 Compu 1 1 n g in Mi no r 1 1 y * 
Institutions (LCMI/1). The planning and 
conduct of the conference was contracted 
to the Computer Science Department of the 
University of Missouri-RoUa (UMK) . 
Hamblen served as Conference Coordinator 
and was assisted by Joseph l\. Trigg, 
Instructor of Mathematics, Lincoln 
University. Basic policy guidelines were 



*"Minority" for purposes of the grant has 
been defined as "four-year traditionally 
black." 
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provided by a Steering Committee of repre- 
sentatives from nine minority institu- 
tions. 

The members of the Steering Committee 
and their respective institutions are: 
Or. James Frank, Chairman of the 
Committee and President of Lincoln 
University; Dr. James kinard, Benedict 
College; Dr. Jesse C. Lewis, Jackson 
State University; Sister Patricia 
Marshall, .Xavier University of Louisiana; 
Mr. Jesse J. Mayes, Federal City College; 
Dr. Albert Miller, Delaware State 
College; Mr. Grover Simmons, Atlanta 
University; Mr. Fred Stone, Tuskegee 
Institute; and Dr. Roger K. Williams, 
Morgan State Col lege. 

The Conference was held in the 
Sheraton-Bil tmore Hotel of Atlanta, 
Georgia during March 23-2'^, 1975. It was 
directed at acquainting faculty of 
minority institutions on the use of the 
computer to assist them with the teaching 
and/or learning process, and to inform 
them of hardware and instructional 
techniques that may be employed m improv- 
ing tneir science education programs. 

Approximately one hundrod, four-year, 
traditionally black institutions were 
invited to submit at least three appli- 
cations. Two hundred participants were 
.selected from the eighty-si.\ institutions 
which respondeu. Lach of these eighty-six 
institutions were represented by at least 
one faculty member. Selection was based 
on priorities assigned to the applicants 
by their institutions. A high priority 
\^as given to an applicant uho could 
milucnce the promotion and/or development 
of computing at his/her institution, and 
to tnose who did not have extensive back- 
ground m computing. 

The major areas represented at the 
lonfercn^^e were tne matnematical , physical, 
natural, social and management sciences. 
Inese areas were represented by twelve 
disciplines. Lach participant attended 
fi\e group sessions with 5-15 faculty of 
the same discipline. At these sesr.ioi.s, 
faculty who had used tiie computer in their 
classes presented their materials to the 
attendees from their discipline. 'Ihc 
group leader demonstrated what he nas done 
and hou he used the computer in his 
classes. In addition the four-day 
conference consisted of five general 
sessions anJ seven sessions of a program- 
ming short course m a language of the 
participants choice from FORTRAN, BASIC, 
and APL. 

ACM Consultm^i Service [LN'GLL] 
History 

The ACM has always regarded educational 
programs as one of its major missions. 



Lducational activities within ACM led to 
the publication of curriculum recommenda- 
tions in computer science in March, 1968, 
known internationally as "Curriculum '68'* 
[17]. The publication of this document 
along with the report of the COSINH 
Committee of the Commission on Education 
of the National Academy of iingineering [9] , 
and the Park City Conference on Computers 
in Undergraduate Lducation [29], all with- 
in a year went a long way to define the 
discipline of Computer Science and focus 
on key issues in computer uses in 
education . 

The Curriculum Committee on Computer 
Science of ACM, who prepared "Curriculum 
'68", believed that it was necessary for 
the document to be interpreted to potential 
users. The initial vehicle for this was 
the ACM Visiting Scientist Program, 
supported by the National Scit^nce 
Foundation, which arranged for speakers to 
come to college campuses. In reviewing the 
accomplishments of this program, it was 
determined that a broader program was 
needed than one in which a computer 
scientist spent part of a day giving a 
lecture on computer science education. 

'Ihus in June, 1969 , a proposal was 
submitted to the National Science 
Foundation to provide funds for a more in- 
depth consulting visit to college campuses 
m wiuc.i co*)5ultation uould be offered in 
four basic areas: 

1) Computer Science Curricula - 
ranging from the course content of an 
introductory course m computer sciejice to 
a c impletc undergraduate curriculum. 

2) Computer Facilities - emphasizing 
the alternatives available to the schools 
such as networks. Latch systems, time- 
sharing systems, and commmercial services. 

5) Computer Uses m Lducation - 
siiouing the activities that are going on 
m various subject areas uhere computers 
are being used and supplying information 
on where materials could be obtained. 

4) Administrative and Budget Matters- 
dealing with questions such as where, in 
tile school, computer science courses should 
be offered, who should control the 
computing facilities, how should faculty 
interested m computing be trained and 
recruited, and uhere are funds available to 
support computing on campus.^ 

This proposal was funded in October, 
1969 by the National Science Foundation, 
and from that time until July, 1973, the 
College Consulting Service functioned as 5 
i^ervice of ACM. 



1 From the proposal 
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Procedures and Activities 

The mechanics for the consulting 
visits were constructed to be quite flex- 
ible for the college visited: 

Visits are usually for two 
days, although travel requirements 
may cut into part of this time. 

The agenda for the visit is 
the responsibility of the school. 
It sliould be sent to the consultant 
before the visit. It may include 
a formal talk to students and 
faculty, but small group meetings 
and other informal activities 
have proven most effective. There 
should be some opportunity to 
visit With a few interested 
students. 

Topics such '^s various aspects 
of computer use, budget, problems, 
facilities and equipment, curriculum, 
faculty education, and administration 
can best be covered by scheduled 
meetings with small groups of 
appropriate faculty and administrators. 

A private talk toward the 
end of the visit with the president 
or senior academic dean is of 
considerable value. ^ 

Notices of the existence of the pro- 
gram were sent by personal letter to the 
presidents of most four-year institutions 
in the country. In addition, announce- 
ments of the program were made in the 
trade literature and at selected pro- 
fessional meetings., Applications were 
subm^tLCd to the program director who made 
the selection of institutions to be 
visited and assigned the consultant., 
Lligibility was left somewhat open. 

Ihe program is intended for 
undergraduate colleges and small 
universities where undergraduate 
education is the major objective. 
Institutions granting the bachelor's 
degree and accredited by a regional 
accrediting agency may apply. 3 

in the life of the program approxi- 
mately 100 trips were made. 

The distinction of ''small* became 
quite difficult to make, in that in 
some cases state colleges with quite large 
enrollments were just getting started in 
computer work, and needed ls much 
assistance as the under 2,000 student 
liberal arts college. Toward the end of 
the program, several two-year colleges 



Z from the brochure describing the ACM 
College Consulting Service 

3 Ibid. 



were visited to assess the nature of the 
problems of computing at these institutions. 

The relative emphasis over the years 
of the lifetime of the Consulting Service 
showed some changes. Perhaps the most 
dramatic change was from relatively little 
discussion of computer science curriculum 
early in the program to a point where it 
was the main purpose of the visits near 
the end of the program. 

The early visits dealt mainly with 
questions of equipment and staff. 
Interestingly, the institutions in their 
applications generally stressed equipment 
selection as their main problem, and the 
visitor generally found the main problem 
to be staff. 

In the early visits, few schools were 
even considering a computer science major.^ 
Such programs were considered only 
appropriate for large universities and 
engineering schools., Furthermore, staff 
for such programs was not available. Vi'ith 
time the staffing problem became somewhat 
less difficult as graduate computer science 
programs produced more individuals with 
advanced degrees, and the schools found 
that the demand for computer science from 
entering students and the market place 
made it most desirable to introduce such 
p rograms ., 

Recommendations 

Since the visits were not all alike, 
there can not be a single set of recom- 
mendations that apply to all schools. 
There were certain trends, however, that 
were clearly seen in reviewing the series 
of consultant reports. 

Perhaps the single most common problem 
was the competition, either actual or 
potential, between administrative data 
processing and academic computing.. Many 
schools had justified acquisition of their 
equipment on the savings it would give in 
administrative record keeping, and even 
where this was not the case, many admini- 
strators looked at the expensive array of 
equipment in the computer center, and were 
considering how it could be used for 
administrative work. The unfortunate part 
of this is that administrative data pro- 
cessing often became the "tail wagging the 
dog", and with little, if any cost savings. 
More information was generally produced by 
the computerization of administrative 
activities, but there was seldom any 
reduction in cost. What usually did happen, 
however, was that the personnel assigned 
to the computer center were required to 
devote a great deal of their time to the 
implementation of administrative programs, 
and often much of the available computer 
time was devoted to this purpose. 




In those institutions with enrollments 
of under 1,300 students, Hamblen suggested 
in the Proceeding's of the Rand Conference 
(j3] that there is a question as to 
V Let her any administrative computing 
should be done. Me goes on to observe 
that for schools of under 2, SCO students, 
it IS difficult to justify a separate 
machine for administrative use. 

Noting these observations, it does 
appear that the approach of separate 
machines for academic and administrative 
computing IS the most desirable thing to 
do. in this way, conflicts over use 
should not arise. In many cases this is 
impractical, and tiiere are some other 
possibilities. Most schools operate in 
Such a way that students have little 
ojjportUMty to use the computing equipment 
in tile morning hours, wiiile having needs 
for computer time in the afternoons and 
evenings. Ihi.s could tlien suggest a firm 
>ciieduliiig scheme wlucii would allow both 
groups uninterrupted time. Sucii a 
Schedule should be under tlie control ot 
the computer center director who would 
insure fair tieatment of eveiyone. 

As important as tiie problem of 
sciiedulmg machip.e time is for administia- 
tive and academic work, staff scheduling 
may be more critical. All too often 
.scliooLs liave been in a position where all 
of the computer staff time is devoted to 
the development and maintenance of 
administrative computing. In this ca^e. 
It appears desirable to assign a separate 
group witiim the center, reportable to the 
director, to handle aUmin i :>tral i ve 
computing. In tins way, tnerc will be a 
minimum of competition, and tiie true cost 

the admin i >t rat 1 V c operation will be 
vie t c i Mined. 

Die position of the compute: ceiitei 
m the institutional organization i> a 
leeuiriiig souice of diSLUS:>ion. Ileie 
ago 11., **;nost every possible combination 
from part of an academic department to an 
iiKlepeiideiit agency vvorking under con ti act 
tc tile school uas seen. it is clear tliat 
local circumstances come into play heie, 
hut as a general rule tor tiiosc* centers 
serving ail aspects of tlie campus, tiie 
director of tlie center sliould be rela- 
tively independent, and report to an 
administrative officer above tiiose lie 
serves. Ilus generally would iii;ply a li!ie 
to tne president of tiie college or' a 
senior academic vice president. In tins 
vvay, tile center siiould not become 
dominated by any single user., 

in tlie liic ol tile Consulting .Service 
It was dete I milled that the recommer*<. .* f or. 
Ki specific iuirdwaro wajr* im|cssible. A< 
a general lule ol tiiurib, it was deteri:iined 
rliat a scliool siiould anticipate a minimum 
cApeiise of $SO,000 per yea. to run a 
computer center and tins would be approxi- 
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mately equally divided between equipment 
and staff. As the center grows this 50-50 
split is likely to remain and it was found 
that tlie ins t i tut ions were less lively to 
anticipate the staff costs than tii^ equip- 
ment cos t . 

'I lie other common recommendation 
regarding equipment involved tiie careful 
analysis of tlie ui^es of the system. in 
particular it i3 often the case that the 
equipment neces sary for admin i s t rat ive 
data processing is quite different from 
that needed for academic computing. This 
becomes especially important when dealing 
with small machines, and again points out 
the importance of justifyijig and 
specifying equipment on what its use will 
be. 

Ihe problems of finding adequate staff 
seems to have improved in recent years. 
'Computer science students, tliough still 
not plentiful, are certainly more avail- 
able, and individuals with experience and 
backgroun'ds in the applications of 
computing are also available. A factor $ 
tiiat is working against this, however, is 
tliat financial problems have caused many 
iiist itut ions to put a freeze on new 
appointments, and there has been a 
teiideiicy to reassign people into tiie 
computer area rather than recruiting 
md 1 v idua Is t ra i ned i n tiii s field. 

The position of director of the 
coiaputcr center calls for coordinating ant 
(.'eve loping all aspects of computing on 
campus . I t al so involves a key role in 
tile selection of equipment, staff and 
services, 'lliere are no specific training 
programs f o i such individuals, though some 
courses in management of computer center^ 
a 1 e appea ri ng in uni vers i ty curricula . 
Uhore possible tlie person selected for 
tins position siiould have experiejice m 
management of a computer installation, and 
m implications of computer applications, 
'liiis position should be distinct from a 
position 111 teaciiiiig computer science, or 
any other department since the center 
siiould be intlependont of other organiza- 
tional units of the campus; a courtesy 
f acul ty appo intment , lioweve r , and 
Occasional teaching is not inapprojiri ate. 
I liei e IS little prac t ica 1 reason for the 
computer center director to hold a 
doctoiate, though, it must he recognized 
that tins individual will have a great 
deal of interact ion w itli the faculty, and 
It may be necessary for liini to hold this 
credential to achieve the proiJ^er respect 
of tile faculty. 

Tile rest of the staff of tlie center 
IS closely tied to tlie nature of tlie work, 
and cannot be genera lly specified. It 
siiou I d , lioweve r , be i ecogn i zed tiia t li an 
organization uaiits quality programming and 
operations, it is necessary to liave a 
staff ol professionals, and not operate 
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as many schools do, by leaving th» probleins 
of program development and implementation 
to part time help and amateurs. 

Computer Science educational programs 
should be staffed separately from the 
computer center, and indeed the computer 
science department or group should be 
regarded as just another user of the 
computer facility. In the case of the 
academic program it appears critical that 
the positions be filled with computer 
scientists. The field has developed to 
the position of a field of study in its 
own right, and it is difficult to see how 
someone not primarily engaged in the field 
can keep up with the developments neces- 
sary to teach at the college level. How 
large a staff in computer science is 
necessary depends on the level of activity, 
but it is difficult to see how there can 
be less than one full-time person in this 
capacity. 

The necessary ingredient to the 
development of innovative uses of 
computers in education appears to be 
administrative support and encouragement. 
This can come in many forms and in some 
ways the easiest is in the recruitment of 
new faculty members. Many students 
completing their work are actively engaged 
in the uses of computing, and are anxious 
to continue this in their professional 
life. Another approach is to institute 
an active program of bringing visitors to 
the campus who are involved in computer 
uses in education. In a two or three day 
period, such a visitor can present several 
lectures. a::d at the same time push the 
faculty into such activities on their own. 

Other activities that have proved 
""successful have been specially funded 
training and orientation programs for the 
faculty, and support of innovative edu- 
cational computer uses through summer 
developmental grants. In all such cases 
It IS necessary that the administration of 
the school be committed to such activities 
and insure that the faculty member so 
involved receives the proper academic 
credit for what is a time consuming and 
demanding task. It should be noted that 
in many ways the smaller schools, without 
the emphasis on "classical publication*', 
have a better chance to have faculty 
members devote their time to innovative 
computer use. 

In considering instruction in computer 
science the first point to observe is that 
such instruction has a rightful place in 
a college of arts and sciences. Many 
arguments have been presented on this 
point and it will serve little purpose to 
repeat them here. Granted that such 
instruction has a place in the curriculum 
the question then is how much how soon. 
Mere again local conditions affect the 
decision, but nearly all schools with 
active computing activities have some form 



of computer science instruction. This is 
what keeps the students excited and active 
in computing, and in fact it is often the 
students that insist that such instruction 
be offered. 

in all too many cases, however, 
schools have looked at computer science and 
determined that this is an active field, 
offering job potential for the students, 
and perhaps even serving to attract 
students at a time when many colleges are 
suffering from declining enrollments. They 
will often then select a computer user on 
campus and put him in charge of a "program'* 
that does little more than offer several 
courses in different programming languages. 
The fact that computer science is a vital 
active field that should be represented at 
most colleges does not excuse such a pro- 
cedure. It must be recognized that to 
institute a computer science program is 
both expensive and time consuming, and 
requires a commitment by the school at a 
time that limited resources may demand 
cutting back in some other areas. 

LaFrance and Roth in reporting on a 
Workshop on Computer Science for Liberal 
Arts Colleges (22) give some indications 
as to how the development of a department 
should proceed. Recognizing that few 
liberal arts schools would be able to 
introduce a major, they called first for a 
strong development of a first course 
similar to course Bl of "Curriculum '68" 
(17) or Course 1 of Austing and Engel's 
report (4), and then as interest and staff 
develop , offer courses involving things 
like machine organization and programming, 
information structures and a survey of 
computer applications; courses . 4 and 2 
respectively of Austing and Lngel (4). At 
such a time as these courses are under 
control, further work could be added as 
faculty and student interest dictates. 
Offering this kind of program would pro- 
vide a firm base of knowledgeable students, 
would supply necessary service courses for 
a variety of students, and combined with 
an adequate selection of courses from 
other departments would meet minimum 
entrance requirements for admissions to 
graduate programs in computer science for 
interested students, or for direct entrance 
into the computing profession. 

It should be noted that offering this 
much of a program requires a full time 
faculty member, and clearly, to expand 
these offerings would require more. It is 
also clear that such courses siiould be 
offered as computer science and not in 
some other department. To serve the 
service need of the program, a selection 
of one or more of these courses could be 
taken with no other prerequisites, and, to 
offer them in a mathematics department, 
for example, would only serve to drive 
away students who are not mathematically 
oriented. 
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Such a program then is within the 
reach of any school willing to commit 
itself to one staff member in computer 
science, it will serve to form a basis 
f o r l*u t ure de v e 1 opmen t of a i:io re 
advanced program, it will serve a 
nulti- track service need, and it will 
offer enough background for further 
work in computing. 

TJic library resource is often 
neglected in considerations of the 
development of computer science and 
computer uses in education. Often the 
expenses of obtaining equipment are so 
great that little time is given to think 
out thiii pressing need.. Most of the 
refereiKes at the end of this paper con- 
tain extensive bibliographies of materials 
appropriate lo computer science eUuCwtion 
and computer uses in education. Tiie 
selection of such items would provide a 
st.irt at a good woiking collection. 

It is often easy in addressing ques- 
tions of educational computing, to over- 
look the obvious in the specification of 
details. Ihe obvious needed ingredient to 
»lluu for excellence of either computer 
bLieiue instruction, or computer uses in 
educatii>n, is free and easy access to the 
computing equipment, preferi^bly utilizing 
one of tne user oriented systems that pro- 
vide fast turnarauMd— ai4d,^l=t?ar diagnostics. 
'Ihis must be the iiv^l order of business. 

.sources of Information 

t>ne of the major functions of the con- 
sult..!: ts III this program, was to direct 
interested people at the institutions 
visited to bourees of additional informa- 
tion. No listing of such materials could 
be complete, noweVer, .1 i eu items will be 
noted which have proved valuable. 

(ertainly any reading into education- 
al computing siiuuld begin witii tl»e l*ierce 
t-ommittee Report (24]. I hough, by .ind 
large, these recommendations foi the pro- 
per level of support of educ.it lonal com- 
puting have not been followed, they still 
serve as an excellent goal. In terms of 
addition.il documents m the full range of 
computing and comjjuter services, three ^ 
ccnlercnce proceedings, the Uorld Con- 
ference on Computer Iducation, I'JTO [J.')], 
the Kand Conlerence, li)"u and the 

Park City Conference, I'JbS (Jl)] are ex- 
cellent. Computer Surveys ,^ publis!ied by 
ACM provides a good introduction to vari- 
ous aspects of computing and should be m 
nost libraries. Computing Re; icus also 
p u b I 1 h h e d by A p.-ovides u p to da t e 1 n - 
format 10;. on available books, articles, 
and oMuM I'Mte rials. 

J I nfv' r. at Jo:i legardi.'ii: this jonrrMl ji.^i 
other AilM activities, such as the special 
Interest Groups, may be obt.iined by writ- 
ing AC.'I ileadquarters , 1135 Avenue of the 
Americas, .\ew lork, New \ork 1003i>. 



ACM has a Special Interest Group on 
University Computer Centers (SIGUCC). 
This group publishes a quarterly news- 
letter dealing with various aspects of 
computer center administration. In June, 
1972 SlCdiCC sponsored a symposium on the 
administration and management of small 
college computer center, and proceedings 
are available which cover many of the 
problems associated with small centers (6). 

A number of sessions have been held 
dealing witii the uses of computers in var- 
ious disciplines. Among these the Iowa 
Conference (50], the Dartmoutli Conference 
(21], the Atlanta Conference (19], the 
Claremont Conference (52], and the 111 
Conference (5] provide sources of valuable 
information and programs for computer 
applications. Sedelow 126] has prepared 
an outstanding survey on computer uses in 
the humanities. The Human Resources 
Research Organization (llumRRO) is engaged 
ir. an overall study of computer-based 
curriculum and has prepared a p4*c 1 Quinary 
report (27] . 



In the area of a 
Several Special 1 11 cr 
witii computer uses ^ 
social .ind behavioral 
language .inalysis and 
human 1 1 ies (s'l CLASH) , 
society (.SIGCAS). Al 
publ isii period!*, bu! l 
occasion,! 1 meetings , 
ceed i n,.s available. 



ppl ications, ACM has 
est Croups dealing 
rvUication (SlGCUl:) , 
.Sciences (SIGSOC), 
studies in the 
and computers and 
1 of these groups 
etins and sponsor 
usual 1 y wi tli pro- 



I'o begin roiiding on computer science 
education "Curriculum *0i>" (17] is a good 
start. Uork reported by l.aFrance and Roth 
(22] and Austing and I.ngel (4] have at- 
temp-teu to jut computer science programs 
into the perspective of the siiiail colleges. 
Reports ly i\egner (.31] and the Committee 
on the Undergraduate Program in Mathematics 
("] present some additional ideas regard- 
ing computer science programs. Ihe ACM 
Curriculum Committee on Computer l.ducation 
for Management (3, 28] presents outlines of 
work in information systems. Ihe COSlNh 
Committee of the roniPiLsien on Education 
National Academy of l.ngiiieering specifies 
the role of computer science in electrical 
engineering (i ] , and in subsequent reports 
outlines specific courses; computer 
organization (11], a computer-oriented 
first course in electrical engineering (10), 
digital subsystems (12], digital systems 
labor. Uory course (13], .nid operating 
sys teii\s pr i nc iples (14]. 

\( M has a Special Interest Group on 
Computer Science i.ducafion (SlGCSl.) which 
publishes a <|uarterly bulletin, and this 
group has held tliree technical symposia 
for uhich proceedings are available (1, 2, 
IS]. 
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Future 

ACM is currently seeking support for 
a similar consulting program for minority 
institutions. 
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The ten colleges in the experiment 
exhibited a variety of computing needs and 
a diversity of preference in choice of 
computer vendor, configuration, and mode 
of operation. At the time of the start of 
the experiment, circa 1909, the purchase 
of a mini -computer by a small college 
posed an element of risk few felt they 
could afford. There was almost no 
experience based on which to rate tlie 
expected performance of a mini -computer in 
an educational environment, and although 
many faculty had previous experience in 
the 'ise of computers, almost none were well 
versed in the elements of systems selec- 
tion, so f tun re , harchvare , or operational 
consi dcr.i t i oiiS . Tlie grants from NSP were 
intended to partially cff-set the risk, 
and tlie introduction of the SRLB office of 
the Computer Science Project, plus support 
for a Series of follow-on consultant 
visits, assisted with the estal- lishment of 
'Reasonable initial computer operations on 
each campus. The experiment required 
institutional eommitment to provide infor- 
mation about progress and use of the 
facilities through the three year project 
perioo . 

'»l:e eojuipment selection process, and 
associated plans for operation, occurred 
in a tentative foil" in Pebruary, 1970. In 
many cases, revisions to original plans 
I'oniinued right up to a month or so prior 
to de 1 1 \ e I y . Po i niost i nst i tut ions , this 
u.js the first experience oidering a 
compute!.. Ihe early 19"0 time frame 
dcscr\cs .»-<aiie reflection. .Most major mini- 
eomputer \en''ors were in the process of 
rvMcasiiij; new lines of equipi ent ul.ich are 
now considered eonmonplace. 1-ata General 
had barely entered the market with its 
fiist Nova. Digital Equipment Corporation 
hav'. ju.st delivered the first of its PDP-11 
sei ies. lieu lett-Packard uas just beginning 
to extend tiic popular hP:O00 series 
computers. It uas a time uhen much of the 
in 1 n ] comput ei eijuipmen t was neu even to the 
s .1 1 es rep r ese n t a t i ve s . '1 o t lie un initiated 
consumer, there was genuine cause for 
beuildciment. Se\eial colleges planned a 
system in March of 19'"0, and by the time 
ol the experiment's start in August 
disti»\ered ne*.. equipment had come into the 
luaikit uith greater appeal, "ihe case for 
I>.it.t (Jcnerai eciuipment, for example, found 
so mi" attracti\elv priced neu minicomputers 
available which uere completely unknown 
wi»en tite initial systems were evaluated 
fi\e ronths e.irlier. 

^OMe (ioneral Observations about l.quipment 
select ion : 

Mthougii tile ten colleges varied some- 
what in the objectives to be satisfied by 
t hi ■ Ji r* K onput er sys te;ii , sor.e initial 
gene ra 1 i ;.i 1 1 ons uere apparent. 

1. Institutions primarily interested 
lis economical use by fairly large numbers 
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of students opted for a batch mo6^ of 
operation. 

2. Three "least costly" systems, all 
batch or sAngle-user oriented, were priced 
around $20,000 for a complete system. Ko 
single vendor was at the low-cost end of 
the scale, with a Data General Nova, a 
Digital Equipment PDP-8, and a Hewlett- 
Packard 2114 each contending for lowest 
price honors. 

3. Irrespective of vendor, most 
institutions opted for a high-speed paper 
tape reader/punch. 

4. Five institutions chose to operate 
multiple terminals in a time-shared mode. 
Of these, all but one had at least 12,000 
words of memory. (The only college 
attemptine time-sharing witli 8,000 words 
of memory found it needed more during the 
experiment) . 

5. The common characteristic separat- 
ing the "low-cost" $20,000 systems from 
the others (ranging upward from $40,000) 
was the exclusion or inclusion of a high- 
speed rotating secondary nemory device 
(either a disk drive or a drum). 

6. All time-shared systems had a 
disk or a drum. 

7. The two "highest-priced" systems 
($91-93,000) were both manufactured by 
Hewlett-Packard. One has batch oriented 
and the other time-shared. 

8. Although equipment from General 
Llectric, Kang Laboratories, Xerox and 
Honeywell was included in the evaluation, 
the "big three" minicomputer vendors 
(UhC, Data General, and Hewlett-Packard) 
ended up as the only manufacturers 
represented. 

9. livery installation planned to use 
BASIC, nine as the primary language. 
About half felt at least some FORTRiXN was 
important . 

Some Conclusions and Suggestions 

The major findings of the experiments 
are presented here with an aim to assist 
other institutions considering a mini- 
computer for instructional use. A basic 
conclusion, expressed unanimously by the 
ten somewhat varied types of undergraduate 
institutions, is that a mincomputer system 
IS the best buy source of computing power 
for most instructional activities. The 
corohinalicn of low cost, constant avail- 
ability, control, and the many advantages 
of an on-ca nus facility make the mini- 
computer a p.fiferred choice over known 
off-campus alternatives. 

Many conclusions have a financial 
basis. Cost statistics and equipment 



configurations are summarized here. Table 
I of [SWOYER] shows the minicomputer 
system purchased by each institution, 
its purchase price (in 1970, for 
most equipment) , and average 
annual costs. The average annual costs 
are broken down as "equipment" "salaries 
and benefits," and "other" components, and 
include calculation of annual costs per 
enrolled student. The latter figure 
corresponds with a "rule of thumb" 
statistic calculated in a number of pre- 
vious experiments and projects. It is 
useful as a rough guide. In this instance, 
it must be noted that the annual costs per 
student include all costs, not simply 
equipment costs. The figure ranges from 
$5.40 to $33.24 per student per year, of 
which equipment costs (often the sole 
basis for calculating cost per student) 
range from $2.80 to $17.10 per student per 
year. In all, it may be noted that 1^,450 
full-time students were enrolled collec- 
tively by the ten institutions, with a mean 
total annual cost per student of $17.52. 
(Of that total, $9.30 is the mean annual 
cost per student for equipment.) The 
institution which had prior experience 
using one or two interactive terminals to 
a remote time-sharing computer, felt the 
minicomputer source was unquestionably 
superior. 'n aadition to cost savings 
(institutions here, and in previous NSF 
experiments had experienced average annual 
costs of about $19 per student), greater 
availability, and other obvious advantages 
cited above, there was an expressed 
academic advantage. This is hard to 
quantify, but includes the advantage of 
having a facility on which software 
changes, operating system experiments, and 
other developmental activities can take 
place which would not be possible on a 
large or non-institutional facility. In 
addition^ the on-site system created an 
atmosphere or center of activity 
supportive of creative thinking about 
comput ing. 

Prior to the experiment, the colleges 
established rough budget guidelines for 
the various levels of minicomputer systems. 
The mean estimated total annual cost was 
$28,130. The actual mean total annual cost 
turned out to be $21,810. The average 
annual cost per student was estimated in 
advance to be $21.42, which compared to 
the actual cost of $17.52. Thus is was 
observed that costs were actually somewhat 
lower over three years than projected. 

Equipment costs were found to average 
53^ of the total expenses. This component 
of the costs ranged from $4,700 to $22,000 
per year with a mean of $11,580. It would 
be expected that costs for comparable 
systems would be somewhat below these 
figures today, although one must not 
hastily apply a factor of, say, S0% (which 
may accurately reflect the comparable 
price of a processor unit today versus 
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iy7L') too broadly. Processors and 
memorios have come do\su in cost 
drast ical ly However, most mechanical 
devices (such as disk drives, tape drives, 
card readers) have experienced less 
reduction. Maintenance costs, included 
here as equipment expense, have increased. 
Overall, tiic minicomputer system of today 
should probably cost about SOi of the 
comparable 1970 version. 

Other costs, however, iijve increased, 
salaries, benefits, publications, and 
travel expenses generally total about 

more than in 1970. Supply costs are 
lOOv higher for paper items ti»an just tuo 
years ago.^ Smc ilaries and benefits 
constitute Z'^'o of total annual costs, and 
"otlior" costs (largely supplies and 
institutional overhead) represent the 
remaining -Oo, the end result of a new 
r.)''4-7o operation should have a price tag 
close to par wit*. 1970 costs. 

[he institutions were queried, after 
tne fact, about typical questions, uhich 
might be asked by prospective institu- 
tional minicomputer users, and what the 
answers to those questions should be. 
liie following are some typical questions, 
uith respL:iSes, which could be asked by 
; I t i li: t ions exploring minicomputers. 

\^uestion 1: is tlie most common over- 

sight when planning a college 
r in icomputer ope rat ion? 

Rc.spon*-e: lip»Jerest;m:.t mg I l.e .iMv'unt el 
tin.e needed by ttie person 
^^fa^uit) incmber) responsible 
for tiie operation, especially 
during the first year. A 
minimum of SO', of full- time 
.siiould be allocatevi, witii 
more time avail.ibie during 
tne iirst year, if possible. 

','iiestion Unat is tne primary equipment 

difference tiiat most colleges 
would 0{ **c) if tley could 
redesign the system af'cei 
several years experience? 

iicsjH*ns*j. Ihe mo.st eonmon rhange ;^ould 
be a computer with a larger 
memory. (I.igiu of the ten 
ms ti tut ions gave this 
response. ) 

question 3: i»hat vendor \\ould you choose 
if you were to Mo it over'' 

Kl sponge: Curiously, tlie lesj-onse to 
this question, m 19 "5, was 
a preference for the same 
vendor as previously used . 
Some qua 1 i f icat ions we re 
attached, indic.it;i:g that 
perfect satisfaction was not 
always present. 



Question 4: Mow many students may be 

adequately supported by one 
interactive BASIC terminal? 

Response: (Answered by the five 

institutions with interactive 
minicomputers.) Two institu- 
tions responded with ZZ to 25, 
\%ith three institutions 
answering 10 to 15. The 
variability reflected the 
amount of computing required 
of the ^'typical" courses. 
The same question has been 
addressed by other institu- 
tions ^ith interactive 
experience. A consensus 
indicates 22 to 25 students 
per terminal to be a maximum 
number in a course with 
modest assignments. More 
institutions prefer a 
terminal to serve no more than 
15 students in a computing 
course . 

Question 5: Is there a high risk of 
equipment failure with a 
minicomputer? Is a 
maintenance contract a 
necess i ty? 

Response: Component failure in equip- 
ment other than teletypes, 
card readers, disk drives, 
and tape drives are almost 
i,oi;-eMStent. Following an 
initial shake -down periof' 
(three to six months), every 
institution tiiat shifted to 
"on call" service, in place 
of a monthly contract, 
reduced its maintenance costs* 
in most cases, the reduction 
was more than 80 g. The 
consensus favcred maintenance 
contracts only for mechanical 
components (if at all) with 
maintenance of teletypes 
separate from vendor- supp 1 ied 
service contracts in any 
event. 

i^U;estion 0: V.as there any indicator that 
i^oiild tend to identify in 
advance whether an institution 
would have a successful mini- 
computer operation? 

Response: All institutions achieved 

success ful operations , within 
.! variety of objectives. The 
quit:kes t achievement of a 
satislactory smooth operation 
fishich would probably also 
tend to maximize successful 
mst ruct loiia J use) occurred 
at institutions where (i) 
prior faculty/staff experience 
Mtn computing existed in some 
numbers (10'^ to 20', of faculty 
prior to arrival of the 
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minicomputer, and (2) ample 
time was provided to allow at 
least half his time to develop 
the facility. 

Question 7: What are recommended steps 
in computer selection to 
assure a reasonable choice 
of equipment? 

Response: If satisfactory computing 

service is a primary objective, 
don't be a pioneer. One 
institution's hints were: 
(a) buy from an established 
vendor. (b) Select a time- 
tested mainframe and peri- 
pherals. (Personal visits and 
calls on customers with the 
same equipment are strongly 
advised.) (c) Stipulate in 
the contract that all hardware 
and software must be in full 
operation on-site before any 
payment is made. Another 
institution suggested asking 
vendors for sample systems to 
run experimentally for a test 
period. Still another 
suggested that primary 
attention should be paid to the 
availability of time-tested 
software in the areas of most 
interest. 



Proposed New N*SF Support Program 

The National Science Foundation is 
currently considering a new program which 
has a catchy acronym, namely , MICAT. It 
stands for "Minority Institutions Computing 
and Technology. 

The emphasis of MICAT is on the develop- 
ment of high quality, culturally specific, 
computer-based instructional programs. The 
program takes into consideration the fact 
that the learning processes for minority 
group members are different, from Anglo- 
Americans. Thus, the primary thrust of 
MICAT is on the development of specialized 
courseware and instructional techniques 
tailored to specific educational needs and 
cultural characteristics of minorities. 
The minorities of concern are Native 
Americans, Blacks, Mispanics, Asians, 
geographically isolated Americans, and 
others which are under represented in 
scientific careers. 

MICAT purports to provide support for 
the following activities: 



2) dissemination activities which 
include the establishment of specialized 
courseware libraries for use by other 
similar minority institutions and a 
visiting scientist program to further 
support faculty courseware development 
activities ; 

3) development of well conceived 
programs of instructional computing on the 
campuses of Minority Institutions which 
include both science and non-science majors; 

4) provide minimum but adequate 
computing capability for instructional 
computing and courseware development 
efforts ; 

5) conduct evaluation activities 
which will focus on the impact of 
integrating computer techniques into the 
instructional programs of each group of 
Minority Institutions independently. 

The training and dissemination 
activities will be supported through lead 
institutions, or equivalence, which will 
serve as Centers for Technological 
Resources (CTR's) for the other similar 
minority institutions. The other 
activities will be supported through 
individual grants to Minority Institutions 
where appropriate. 

Additional information on MICAT will 
be made available when, and if, the NSF 
makes it's decision in this regard.. 

References 



ENGHL: Final Report on the College 
Consulting Service of the 
Association for Computing 
Machinery, National Science 
Foundation Grant GY-7052. 

SWOYER: "Use of Minicomputer Facilities 

for Higher Education Instruction", 
Southern Regional Edcuation 
Board, Atlanta, 1975, NSF Grants 
GJ-1072, 1111, 1116-22, 1139-40. 



1) faculty training programs in 
computer use technology to the extent that 
they can adequately select equipment, 
modify existing courseware, and develop 
new culturally revelant courseware; 
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In nn in '^>Uch special Pt tent ion is belnp 

locused tn aUernatlves to traaitional modes of 
education, ,\<u:U too little is known or apretd upon 
concerning' t\w n»'e and innact of edticat tonal 
technohvy. Indeed, even the oarameters of and 
vithln liie nrea have not been clearly identified 
.md defi-ed. Holiablc and valiti statistics on the 
availabil'l' and use of edticat lonal techno lof»v are 
presently la'kinp or open to auestion. In To 
Improve I.oarninp , (1970), the Report of the 
Commission on Instructional Technology to the U.S. 
f'onpress ind tht- President ,v attention was called 
to the lack of reliable and valid data on the usp 
of the technolo, ic of instruction, the absence of 
"hard" c^»-;t data on the installation and mainte- 
nance of teifvi-'ion svtems in the nation's 
public scro'Ws, at.d th.- lack of up-to-date sta- 
tistics or. ''trstrj ct ional Television Fixed 
Service" (fi'Sj ant' closed circuit svstens. 

A major Sarri >i to rolloctinp, analyzing, .iid 
report inp 1 , able in^'orratlon repardJnp educn- 
tional cechnoloj^iieK Is the lack of clearlv defined 
concepts ant! t.md.irdized lerminolo>»y within the 
fi'^ld. rho N.itional '.'enter for Kducation Statis- 
tica, Si^^o ( tti* ation a-»»'ncles, and other aj»encips 
ollecti-^, statist ICS have h<^en conslstcntlv hand- 
it apped by «urh i.u:k of standardization. \'uhont 
tomjtionlv i'0<UrsL )(>d .mu .iccepted concents and 
terminolopv it is difficult to comnunicate ade- 
auatelv, to anaivj'e data beinp collected, and to 
provide meaningful infonnation about the field. 

Scatteret! information in the field of educa- 
tional techno loj'y — oerhips In lnrj»e ouantitles — 
current Iv exists; but to be fully useful, it 
must be assembled, evaluated, and standardized. 
Ihis reouires extensive exi-^ oration of the 
sources and kinds of sufh data, consultation 
'v'lth nurhrrilies in rhc- field, and investir^t ion 
regarding particular nnods and activities of 
various a'>so':l.it ; ons , f rr«'*.nizat ions , and 
.ij<encies ict,"elv utilizing or concerned wltli 
t'diicat ional tct hpolopv. 

In re«-opniMon 3' the neiid for a handbook of 
terminolo^'v , definitions, and units of mea<*.iire 
in this field, the Association for Educational 
Commini cat ions and Technolo^v (AECT) was 
awarded a conl;racl in June 1973 bv the National 
(enter fi»r Education Statistics (N'CKS) for the 
development oJ such a handbook. The contractor 
established a nitional planning rroup, consisting 



of a renresent,':tive from each of 19 associations 
or arencies, to serve in an advisorv capacity and 
to review the materials as thev were developed. 
The list of proups and organizations selected to 
review the dra^t informal Iv adds more than 25 
other napes to tiie list of narticinat inp apencies. 

The second dr.ift was reviewed also in 10 
repional ireetinps (one in each HEW regional 
center) in the fall of 197^ bv representatives 
of the 19 associations and apencies from the 
respective .States and ootl>'1np areas.: The final 
ipaniiscrint will reflect recommendations and 
suf^f^ostinns made bv the p.^rt icipants in the 
repional and national meetlnps. 

The handbook is based on the assumption that 
educ^tlo.ml technoJop" is more than "hardware" 
or "software." Rathe r,^ educational technology is 
seen as the process wherebv learninp resources 
are planned, produced, utilized, and evaluated. 
Thus, it is not the use of television, per se, 
which makes Sesame Street an example of edu- 
cational technolopv. It is the specification 
of obtectives. the careful analvsis of learner 
and sublect matter, the subseruent production 
and delivery of instruction, whlch,^ when taken 
topether.v indicate the annlication oi techno- 
lopv. The final product will offer a 
definition of educational technolopv: a model 
of the field: a correspond jnp classification 
scheme that lists ma lor areas of the field and 
their related terms- and fin/illv, definitions 
for the terms in the classification scheme and 
for other related terms. 

This handbook will be the tenth in the State 
Educational Records and Reports Series which 
includes other handbooks dealinp with areas 
such as riiianrlal accountlnp, stucient account- 
inp, oropertv accounting, staff accounting, 
and State education apencv information., The 
handbook series is designed so that the vario;vs 
handbooks are interrelated and the educational 
technology handbook will further extend the 
interrelationship of the series by providing 
an overall model which incorporates the sub- 
lect matter of previous handbooks. Publica- 
tion of Handbook X is scheduled for the summer 
^f 1975. 
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Computer and information teclmology applica- 
tions in organizations have impacted the practice 
of management significantly. Many information- 
related positions in organizations demand that 
formal educational programs produce high-quality 
information systems specialists to fulfill infor- 
m;\t ion-related functions. One of the deficiencies 
in educational programs in information systems is 
the lack of quality teachers. The problems of 
information systems in organizations and the 
causes for tiie lack of teachers in educational 
programs are analyzed. Preliminary suggestions 
arc presented as a framework for the preparation 
of teachers in information systems programs. 

INmODUCTION 

Technological advancement in information 
processing has affected the practice of manage-* 
ment significantly in most organizations* Compu- 
terized information systems are being introduced 
into more and more organizations to automate many 
of the functions of information collection, 
storage, processing^ and dissemination. Tliese 
systems have demonstrated their capabilities both 
for reducing information processing costs and for 
providing better information for operations and 
decision-making. As the relationship of informa- 
tion systems to managerial effectiveness becomes 
more evident, the further development of infor- 
mation systems is promoted. The need for quali- 
fied personnel^ both managerial and technical, is 
obvious, and the number of educated information 
specialists at all levels must be enlarged to 
meet ttie increasing demands for information- 
related positions created in organizations. 

Educational opportunities in information 
processing systems are no\^ available in a number 
of diverse programs oriented to management, to 
computer science, to operations re^^earch, etc., 
but these educational programs are not adequate 
to lacet ttie quality as well as quantity needs of 
information personnel in industries. Improvement 
may be achieved by incorporating the body of know- 
ledge in information systems into existing cur- 
ricula, and by increasing research efforts con- 
cerning the design and implementation of large- 
scale information systems. Professional programs 
in information systems analysis and design should 
be further encouraged to transmit the growing body 
of Knowledge to those involved with information 
systems. 



The lack of quality teachers is a serious 
problem in educational programs in information 
systems (Teichroew, 1971). The most significant 
educational need at the present time is the train- 
ing and preparation of teachers in the field of 
information systems so that these teachers can 
educate future practitioners, researchers, and 
teachers. To satisfy the ultimate educational 
goal in information systems, serious attention 
should be devoted to up grading teacher qualifi- 
cations. 

In this paper, the causes for the lack of 
quality teachers are analyzed with the hope that 
the result of the analysis may provide a framework 
for further development of teacher preparation 
programs in information systems. In addition, the 
paper discusses the issues of teacher preparation 
in information systems, and offers some suggestions 
and recommendations. 

INFORMATION SYSTEMS IN ORGANIZATIONS— THE PROBLEM 

Computerized information systems play a vital 
role in today's organizations. Operating-level 
administrators need information for guiding and 
directing organizational activities, and high- 
level management needs information for performing 
its strategic functions of controlling, planning, 
and development. Information systems have always 
existed within the traditional management func- 
tional areas. However, the rigidity of these func- 
tional divisions has been considerably impacted by 
the advent of computing and information technology. 

Computers offer the opportunity to formalize, 
systematize, and automate many information-proces- 
sing functions. By doing so, they encourage 
centralization of decision-making in that they 
automate routine decision-making activities and 
place many of the information production and dis- 
semination functions into an Integrated data base 
system or network. Thus, the use of computers 
raises not only technological questions, but also 
questions regarding management philosophy, regard- 
ing authority and responsibility, and regarding 
organizational structure. It also brings into 
focus the need for reviewing management policies 
for selecting routine decisions for automation and 
for validating procedures for automated decision- 
making and control functions. 
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Computing and information processing methods 
are often viewed as highly quantitative and tech- 
nical, and since many managers do not havo a clear 
understanding of the capabilities and limitations 
of information systems, they often leave the 
h.indling of information problem.', to technic ians. 
Ihcv are not really very involved with those 
systems, nor do they really understand the effect 
of those systems on the orgd<U7.at ion. 

Since information systems are merely tools 
(tools designed to serve their users), users 
needs must be cleirly understood before a truly, 
effective system may be developed. Certainly, 
managers will need a general understanding of 
computers, but this understanding must be used 
primarily to specify the information require- 
ments for the performance of their particular 
functions and responsibilities; for example, 
managcTS sh«)a!d be able to assess the validity 
ot the information produced by the systems, and 
not be victimized by misinformation. The ques- 
t!<Mi then is: Wliat level of knowledge t.oncerning 
information systems must managers have in order 
to perform their roles in organizations of today 
and tomorrow ' 

Th-*re ire in m<ist organizations a l.irge 
number of in! ormat ion-related positions which have 
no cloar job descriptions. The roles of those 
personnel are not clearly understood by m.magement, 
and supervisors sometimes simply do not know what 
to expei t from these people even in the way of 
routine r<'rformance (let .ilone what to hope for 
m thi* wa- of an outstanding display of imagina- 
tion and -,kill). The problem is due to the novel- 
ty and ra( id ehange of tht Jield. In many cases, 
individuals ari' occupying information-related 
positions for which thev jre inadequately quali- 
fied. Dei ii lone res .ire often due to the increas- 
ing techn4ilo>,ii ,tl requirements and managerial 
involvements ot these positions. The issue is, 
to wh.it dt^r-ie should these positions be .m.ilyxed 
so that th''ir n.ijor functions cnn be identified 
and cl.issi'iid to mrmit discussion of education- 
al refiui rt ineiit . tor those now involved in the 
positions uul lor tliose becoming involved in the 
f ut ure 

{^n til.' nther h.ind , since the technical people 
often do in>t comprehend the complexity of the 
organ i ^at lon-i! environment in which the informa- 
tion svstcni^ is to operate, they tend to under- 
estimate till- difficult*, of implementing a new 
svstem. 1 iic pri)blem- in the administrative ap- 
plications ot computer, are large-sc.ile .ind ill- 
structureil, and go much beyond merely technical 
( onsiderat ions. However, formal academic progr.ims 
tend to t! un their students in solving only well- 
structure d, nat hem.it ic a 1 1 v representable problems 
in the .in i oi computing and information science. 
As a result, tlie technically oriented graduates 
find that organizational data processing problems 
seem trivi.il but th.it their environment ib much 
more complex than tli.it of academic-oriented prob- 
lems. Therefore, one (»f the important questions 
is: How much mamgement education should infor- 
mation technologists hive in order to perform well 
in the org.inizat ions which will employ their 
talents'' 



Due to the rapid change in computing techno- 
logy, the pieparation of better qualified techni- 
cal personnel is mandatory in order to maintain a 
systems stability that will persist through changes 
in hardware, software, and new development. On 
the other hand, the systems which are designed 
must liave high flexibility in order to be respon- 
sive to changes in organizational requirements 
and to facilit.ite the making of needed system modi- 
fications in an orderly professional fashion. 
Another question then is. To what degree should 
educational programs in computer and Information 
systems provide their students with the basic 
principles and foundations, so that they may cope 
with the problems of the fast advancement of the 
field and continuously progress in their techni- 
cal and professional development? 

EDUCATIONAL PROGRAMS IN INFORMATION SYSTEMS 

How formal education programs in information 
systems can contribute to the effective applica- 
tion of computers in organizations is a particu- 
larly interesting pedagogic question. Educational 
programs relevant to positions in information sys- 
tems are now available in several related fields. 

Most business schools or departments of opera- 
tions research offer some courses which introduce 
computers for management. However, most of these 
programs merely introduce the students to program- 
ing skills (McKenney and Tange, 1971). Increasing 
attention is being paid by some educators to de- 
velop courses so that the computing and information 
technology can support other management courses. 
Such courses are Intended to expose the prospective 
manager to the computer.. 

M.magement education for information systems 
specialists is just beginning in an organized 
f.ishion (Ashenhurst, 1972). A few institutions 
have implemented such progr.ims, and they are begin- 
ning to draw support from the business community. 

Form.il computer science degree programs are 
increasing in numbers at all levels of the higher 
ediic.it ional system. These programs range from 
doctoral to associ.ite degrees. Nevertheless, most 
of these programs .-ire mathematically and techni- 
cally oriented, .ind the applications of computers 
in organizations .ire thinly covered. 

These progr.ims are not adequately fulfilling 
the needs of tlie organizations. The basic prob- 
lems are probably due to tlie following factors. 
The .icademic institutions encourage the study 
of well-structured problems. Most of the develop- 
ment.il work in information systems is done by in- 
dustries .ind computer manufacturers. t'ubiished 
literature on information systems is often of 
inferior quality. There are no acceptable standard 
descriptions of information-related positions exist- 
ing in terms c^f their function, knowledge, experi- 
ence, orientation, and skills, which would allow 
the study of educational requirements. Above all, 
thc> most serious problem is the lack of qualified 
faculty members in these programs.. 
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THE CAUSES OF THE LACK OF QUALIFIED TEACHERS IN 
INFOR.MATION SYSTEMS 

The basic objectives of educational programs 
In Information systems are to provide necessary 
knowledge and skills to individuals for informa- 
tion-related positions and to facilitate students 
with a '^.ound foundation for continuing technical 
and professional development. 

Individuals with unified knowledge and tech- 
niques in problem-solving relating to people, 
computational systems, and organizations are prob- 
ably better equipped for the tasks of computer 
applications in organizations. Educational lead- 
ers have been working deligently in an attempt to 
develop appropriate curricula in information sys- 
tems with both technical and managerial considera- 
tions, to fulfill the desired educational objectives. 
Since there exists no acceptable standard descrip- 
t lulls for information-related positions in organi- 
zations, and since the field of computing and in- 
formation technology is a relatively new and fast- 
growing diiicipline, the analysis of the education- 
al requirements for these positions is indeed a 
non-trivial taks. Several reports are now avail- 
able for guiding the design and implementation of 
the educational programs in information systems 
and their related areas (Ashenhurst, 1971). How- 
ever, the controversial curriculum issues of theo- 
retical vs. practical approaches in computer and 
Information science have not yet been resolved; 
though these issues have been widely discussed, 
few agreements have been reached (Kandel, 1972, 
and Blount and Fein, 1973). Some teachers in 
information systems are confused and many of them 
.ire t, imply taking a strong stand in the theory vs. 
application dichotomy. Others may speculate on the 
nature of the positions without real experience and 
knowledge of the context of the specific duties, 
functions, responsibilities and authority, con- 
i>traints and limitations imposed on those positions. 

One of the difficulties in attracting quali- 
fied teacher.^ to educational programs is the reward 
system in academic institutions which is usually 
inclined to discourage faculty members to devote 
etfort toward application-oriented computing and 
information studies. Faculty members are channel- 
ling their energy and talents toward well-struc- 
tured, small-scale and theoretically oriented 
problems in computer and information science. It 
i-> obvious that the result of this discrimination 
has been to make the applied fields of computer 
and information technology an unpopular area of 
study. 

rhc majority of research and development 
v<'rk in information systems are done by indus- 
tries rather than universities. Industrial 
organizations usually do not emphasize the ptib- 
licatlon of research results, partly due to the 
lai.k uf rt'cognitlon of the value of publications 
and partly duo to the intention of management to 
avoid offering competitive advantages to other 
organization^. Instead of simply communicating 
researLh fimlings, publications from industry 
often have different purposes. In some cases, 
surh publications are commercially oriented and 
offer very little value as resource material for 
iniitruction and research. Faculty members fre- 



quently find themselves facing a large quantity of 
published literature but not enough quality refer- 
ences for their instructional uses or their re- 
search endeavors. Publications in the areas of 
applied administrative information systems are 
often of inferior quality and often lack detailed 
technical information. These publications may 
sometimes be used to support the teaching of intro- 
ductory courses, but they do not adequately support 
applied courses beyond the introductory level. 

Research conducted in universities on the sub- 
ject of information systems is usually not too suc- 
cessful either. In addition to the unfavorable 
bias of the faculty reward system against solving 
applied problems in an academic environment, the 
students in computer and information science have 
been also discouraged for undertaking research in 
this direction. Furthermore, In addition to the 
lack of quality references, universities often 
also are not equipped qith adequate facilities for 
undertaking research in the areas of ill-structured, 
large-scale, relatively complex applied problems 
in information and computer science. Some computer 
science departments are now encouraging research 
in this direction, but the results are far from 
significant. However, this trend should be support- 
ed. 

The majority of faculty members now teaching 
information systems courses are basically from the 
computer science discipline. They may have ade- 
quate concepts and knowledge in the field of com- 
putational systems, but most of them have no or 
little experience involving actual information 
systems work. They do not appreciate, nor are 
they interested in, the problems of computer appli- 
cations in organizations. Due to the discrimina- 
tory practices of academic institutions against 
applications-oriented faculty, most qualified and 
experienced information systems specialists have 
no intention of leaving industry for working in 
instruction and research and academic institutions. 

PRELIMINARY SUGGESTIONS ON THE PREPARATION OF 
QUALITY TEACHERS IN INFORMATION SYSTEMS 

General Considerations 

The following set of preliminary suggestions 
concerning the preparation or quality teachers in 
the area of information systems is based on the 
result of the analysis of the problems presented 
in the previous section. The suggestions take 
into account the following considerations. 

I. The field of information systems mentioned 
here would include general topics in hardware/ 
software components of computational systems; sys- 
tems concepts and models; the organizational acti- 
vities, functions, structures; and people (with 
emphasis on applications). Teachers of information 
systems may be involved in different disciplines 
such as computer and information science, manage- 
ment, operations research, etc. They are interest- 
ed in a systematic body of principles and practices 
for large-scale information systems, but they play 
different roles in different programs with somewhat 
different objectives. 
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2. The preparation of quality teachers must 
not only consider the pre-service/in-service train- 
ing programs of the teachers; it should also con- 
sider such broader subjects as curriculum in infor- 
mation systems and their related areas, the instruc- 
tional resource requirements, student involvement 
m instruction and research, the general support 
of the teacher and of his professional, research, 
and intellectual development. 

Suggestions 

It is the author's intention to provide a 
et of general recommendat ions which may be used 
as a framework for developing teacher preparation 
and improvement programs in information systems.. 

1. Professional societies, industries and 
icadomic institutions interested in information 
systems mu.st tonimue to encourage cooperative 
teamwork in an attempt to identify and develop 
educational requirements and specifications for 
information-related positions in organizations. 
Based upon the results of these studies, appro- 
priate educational programs may be developed, and 
consequently the qualifications of the faculty 

in those programs can also be better understood. 
Due to the rapid changes both in computing and 
information technology and in management require- 
ment s*- this tvpe of study should be a continuous 
task. 

2. Computer scientists in academic institu- 
tions must encourage application-oriented studies 
m order to counterbalance the theory vs. appli- 
cation dichotomy. We must do our best to bridge 
the gap between theory and practice in computer 
.md information systems. The computer discipline 
may be viewed as an applied science with a theo- 
retical foundation to support it. Basic research 
is importaiu in terms of discovery of new concepts 
and print iples in computing und information, but 
Lo continue to ignore the application of these 
coiicepts makes no sense. The solutions ^Hpi^Hcd 
computing problems may not be as elegant ,is are 
the answers to tlieoretical questions, but there 
are many other challenges and rewards in problems 
other th.ii^ btisic resOtirch issues. 

3. Both academi<i and industry should promote 
the exchange of faculty members and information 
specialists in industries, in an effort to develop 
high-quality faculty talents. Faculty may gain 
first-hand experience in real organizational 
environments dealing with real problems instead 

of hypothetical issues. At the same time, infor- 
mation specialists in industries not only will 
learn new principles and new discoveries in 
frontier research projects in the academic insti- 
tutions, but their empirical knowledge and skills 
will be an important contribution to faculty and 
students in those programs. Industries in the 
exchange programs will also gain substantial 
benefits from the talents of these exchange facul- 
ty members. In the long run, they will eventually 
be rewarded by the infusion into the industrial 
environment of high-quality graduates of formal 
educational institutions staffed by a high-quality 
faculty with an appreciation for real problems 
and solutions. 



4* Academic programs in information systems 
should encourage students to participate in work- 
study programs. Students should be allowed to 
integrate the theoretical fundamentals with prac- 
tical considerations for an early establishment 
of a balanced attitude toward theory and applica- 
tions. These exchange students may bring into 
classroom discussion current issues related to 
their work-study program, and this may stimulate 
faculty members to be constantly aware of present 
problems and recent developments in the field. 
Experience gained from these exchange programs 
will not only affect the future success of the 
individual student himself but will also contri- 
bute to the development of faculty as well as 
other students, by sharing the fruitful results. 

3. Industries and academic programs should 
promote cooperative research projects in informa- 
tion systems. Fundamental research and generalized 
systems analysis and design techniques may be 
best-suited for study in educational institutions. 
Industries should make funds and equipment to aca- 
demic institutions for conducting research problems 
of a more general nature. Industries will obtain 
great contributions from the collective intelle- 
gence in universities. Faculty members will not 
only enjoy the satisfaction of pursuing their real 
research interests, but the outcomes may e<^entually 
change the reward system of the academic institu- 
tions for the encouragement of applied research 
effort . 

6. Computer and informati'-n scientists and 
professional associations shoulu promote quality 
publications for research and development results 
in the field of information systems. They should 
establish high publication standards and critical 
reviews. This will not only result in fruitful 
teaching references for formal educational pro- 
grams but will also promote high research produc- 
tivity by sharing results and ideas and thus avoid- 
ing duplications.' 
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A NEW APPROACH TO TEACHING COBOL 



Joyce M. Forrest 
Virginia CooHuonwealth University 



Teaching COBOL should be t snap--at least 
that is the opinion of many first-time COBOL 
teachers. After all, many teachers either have 
recently graduated from a teacher- training 
Institution where they learned to code intricate 
programs or hsve previously worked as programmers 
in industry where they gained their experience 
in manipulating the COBOL language. Therefore 
they know the language and feel confident in it. 

The first semester that a data processing 
instructor teaches COBOL he invariably concen- 
trates on the syntax of the language and the 
physical structure of the computer.. For some 
reason many teachers feel that a student must 
have a basic knowledge of the machine before he 
can write an acceptable first program, although 
this beginning exercise is usually copied from 
the teacher's coding. Therefore, the initial 
class meetings may be devoted to discussing the 
input and output units, the central processing 
unit, and the advantages and disadvantages of 
COBOL when compared to other high level program- 
ming languages. Following this introduction to 
the computer and to computer languages, the 
teacher may begin a detailed examination of each 
of the COBOL divisions and the various required 
and optional sections, paragraphs, and statements 
within each division. 

After these beginning claas sessions, the 
class usually begins to code its first program, 
which may be an oG/80 listing of data cards. 
During this exercise the teacher will normally 
explain in detail each of the statements of the 
program as well as the optional sections and 
paragraphs which are available but not necessary 
in this program. The students take notes on 
the syntax of the language as they copy the cod- 
ing. Although several class periods of coding 
may pass, the student will not be allowed to 
test his program yet, for he must obtain the job 
control cards necessary to run his job on this 
particular computer. As he goes through these 
final steps in preparing his job for compilation, 
the instructor may attempt to explain the func- 
tion of the job cards snd the manner in which 
the operating system interacts with the appli- 
cations program. These additional lectures may 
require another week of class time before the 
student is allowed to test his program. 

Needless to say, by the time the student 



keypunches ani compiles his job he is completely 
overwhelmed by the mass of details presented to 
him during these preceding weeks. His enthusiasm 
for learning ''data processing" has been squelshed. 
He has become totally confused with the numerous 
rules and statements associated with the COBOL 
language. For the duration of the year the 
teacher will never be able to rekindle the inter- 
est and enthusiasm which the student initially 
displayed. But even more importantly, the student 
has probably developed a dislike for C0B0L--a 
dislike generated because he feels that a pro- 
ficiency in this language is unattainable for 
him. Yet, this is the one busin^sr data pro- 
cessing language that most programmers are required 
to know on the job. 

Some Instructors may vary their approach to 
teaching COBOL. During the initial weeks of 
class many will place less emphasis on the com- 
puter technology in an attempt to present fewer 
machine-related facts so the student may test his 
programs earlier in the semester. Yet, without 
realizing it the teacher may still be spending 
too much time in these weeks of class discussing 
and explaining COBOL instructions rather than 
allowing the student to code and test his program. 
Until the student has actually used the equipment 
and processed several jobs, much of this discus- 
sion will have little value for him.. 

Now there is a totally new approach to 
teaching COBOL- -an approach which allows the 
student to test his program on the first or at 
most the seci^nd dsy of classes. First, all the 
optional words, paragraphs, and sections of the 
program must be culled out for this introductory 
job. Then, by using the low-volume input and out- 
put statements, the file descriptions and record 
formats will be eliminated. The initial pro- 
gramming exercise, though relatively useless to 
an on-ths-job programmer, provides the beginner 
with an opportunity to carry a computer job through 
all the required phases between coding the instruc- 
tions to generating the output. However, the 
quantity of material presented is not so great as 
to make him feel uncomfortable. 

This first programming assignment contains 
the simplest types of COBOL instructions (See 
Exhibit A). There are no superfluous statements 
within the exercise. In fact, there are no sec- 
tions within the Environment Division and only 
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EXHIBIT A 



one statement under the Identification Division. 
There are no paragraphs within the Procedure 
Division; and since the program utilize* no 
fllfs or records, there are no Open. Close, Read, 
or Write verbs required. Since this exercise 
produces an 80/80 listing without fillers bet- 
ween fields, group and elementary levels are 
unnecessary In the Data Division and only one 
data-name Is required. 

Although the coding Is unquestionably 
simple and straightforward, this easy exercise 
will lead to discussions of many more complex 
progr«immlng techniques. For example, because 
three Individual Accept and Display verbs arc 
executed In order to read and print three data 
cards, a student may question the manner in 
which multiple records will be handled. Thus 
may emerge the technique of utilizing loops and 
branches, the necessity for using procedure- 
names, and may ultimately lead to a discussion 
of modularizing a program. The Read verb with 
the At End option may produce a discussion of 
sequential file manipulation and the advantages 
and disadvantages of this type of organization. 

When the class begins looking at the report 
which the program generated, undoubtedly someone 
will question why there are no spaces between 
the different fields. The teacher may then 
alert the students to the manner In which COBOL 
handles files, records, and fields. There 
follows a thorough examination of group and ele- 
mentary levels found in the Data Division and 
the various types of picture formats which may 
be used to define the data In the fields. After 
completing each element In the Data Division, 
the teacher may then proceed to the Select state- 
ments In the Environment Division and the high- 
volume Input and output statements In the Proce- 
dure Division, In this manner the student can 
distinguish the relationship among the different 
COBOL divisions. 



Thus, with this Initial progrnamlnr. exercise 
the student has the cxperlcr.ee of coJlnr., conpll- 
Ing, and debugging a problem. £nch of tlicse 'itcps 
presents something new to the student. Tlic 
quality of new material Is not so overwhcl nlng as 
to discourage his Initial attempts of learning 
a cciiputcr language. ItisieaJ of being Jlshcart- 
eneJ, t'.e sttiJcnt will accept t'lc concepts u'lth 
norc op<.n-iilndcdness, nnJ mastering the Innp^uage 
becomes less difficult. »:'roi.i this elementary 
beginning the sttidcnt develops a second program 
almost Identical to tl»c first one, c/.ccpt that 
this one uses the hlgh-volunc Input and output 
verbs ind a .-nultlplc nu^nber of data cards. The 
some Input records arc read by this scconJ 
program as by the first prograr.:; there arc just 
.norc of t!icm this time. This second exercise 
builds upon the first, aJJlng paragraphs, records, 
ani files to the basic structure. (Sec i:xhlblt Z) 

Wliorcas the first exercise w.^s si ply copleJ 
fro.n the teacher's coding, tils scconl exercise 
.should alloy the student progra-i th<* proble-. 
hl.isclf. Icrhaps the Instructf^r should allow the 
student at least one laboratory day f-^- working 
''ii this pr'igru I cJ ring c'ass ti.ic; i.. this mr..\3i: 
t'.e tcac'ici: will be uvailatle for Inilvlchul 
consultation when prograrmilng problems arise. 
This second exercise should be accompanied by a 
detailed flowchart from each student. Although 
the flowchart requires few decisions to be made, 
this pictorial diagram will give the student the 
experience of dravlng a problem solution and thci 
using this solution to solve the problem In the 
CuIiOL language. The teacher should begin empha- 
sizing the flot;chart and docu^icntatlon require* 
rents early In the course so that the student 
becomes accustomed to them and assu'^ies that they 
arc naturally a part of progra-amlng Itself. 
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Regirdless of how htslttnt the ttudent may 
be to commit hlmaelf to flowchtrtlng «nd protrtn- 
mlng this second job, the tetcher should encourttt 
hlw to be on hit own ts tnuch aa posalblt, Altho^H 
the student nay have to spend additional time 
debugging this job, he will gain more confidence 
In himself and be more willing to tackle tkt ntKt 
assignment If he feels that he has mastered thla 
one Individually. Should the student not be 
encouraged to assume thla responsibility at thla 
time, he will become more and more dependent on 
his Instructor and will never feel successful 
In ualng COBOL. 

This second program will probably be com- 
pleted during the second week of classes, and by 
the beginning of the third week the atudent will 
have already written and tested two programa. 
Thus he will have a feeling of accomplishment at 
the very start of the class. His Interest and 
enthusiasm will not be stifled as they had been 
previously. Thus, the teacher doea not have to 
worry about rekindling that enthusiasm as he 
attempts to expand Into more complex programs and 
nore Intricate programming. Because the student 
can see his progress during the past several 
weeks, he has a feeling of self-confidence which 
encourages hltn to begin the next assignment. 

Each C01K)L exercise which follows these first 
two should be slightly more difficult than the 
previous one. Perhaps by the third exercise the 
student Is ready to begin writing headings on the 
report and comparing codes In the data. Gradually 
the Instructor should Introduce the more advanced 
concepts of multiple Input/output files, the sort 
verh, multiple counters and master file updates. 
Each exercise should be reasonably short and 
concise and should Introduce one or more new 
techniques. The teacher should not restrict jobs 
to card Inpitt and printer output If additional 
Input and output devices are available. Also, the 
teacher should promote business-type applications 
throughout the course, emphasizing such everyday 
business requirements as proofing the Input data 
for errors before processing them and accounting 
for each record read and handled during a job. 

So-ne students will always have difficulty 
In mastering a programming language, and these 
students should perhaps be encouraged Into some 
other major. However, for the majority of 
students this simple approach to learning the 
COBOL language provides an opportunity to find 
success rather than discouragement. Perhaps the 
student Is more willing to continue from one 
program to the next because the quantity of new 
fnaterlal he nust understand Is not so great as to 
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be overpowering. Each time the atudent la sue- 
cesaful In hla progrenralng attempt, he Is encour- 
aged to begin the next asalgnment. The Instruc- 
tor who usea thla approach to teaching COBOL 
provldea the atudent with the opportunity to be 
aueeeaaful from the beginning of the course by 
Introducing the new material to the atudent In 
Miaegeable quantltlea. 

The teacher who uaes thla approach Is better 
•quipped to locate trouble apota when they occur. 
The teacher may dlacover that the atudents have 
more difficulty In reasoning through their 
problems than they have In learning the syntax 
of the language. Thus, the programming teacher 
may wlah to abandon COBOL Inatructlon for several 
claas meetlnga In order to concentrate on flow- 
charting and problem-aolvlng techniques In more 
detail. Thua the Inatructor Is better able to 
dlatlngulsh between coding difficulties and 
problem-aolvlng difficulties. 

Until a student registers for a programming 
class he may never have seen or used a computer; 
yet, without knowing anything about the subject, 
he Is somehow motivated to learn "data proces- 
sing." Thus, the teacher's main objective should 
be to have each student compiling his programs 
On the computer as soon as possible. By allowing 
the student to code and test during the Initial 
week of classes the teacher stimulates his 
Interest and enthusiasm In learning the subject. 
While all his other classes are demanding him to 
read more and more textbook chapters, the student 
la able to do something In his COBOL class. 
Immediately he has a good feeling for data 
processing and Is more willing to devote the time 
and energy necessary for the class. The teacher, 
too, will reap the rewards of a first-day COBOL 
program, for since he never allows the students 
to lose their Initial enthualasm he does not have 
to atruggle to bolster clasa morale. 

The studen;:: feela succeaaful In programming 
rather than overwhelmed by an enormous mass of 
detail and statements. He tries to master one 
thlng--COBOL. Later he will attempt to under- 
stand operating systems and computer mechanisms. 
He becomes comfortable with the language Immedi- 
ately upon Introduction to It. He Is more willing 
to persevere through the numerous compiles and 
testa because he Is confident he can succeed; anl, 
hopefully, thla confidence will lead him unhesi- 
tatingly Into more complex programming techniques 
with as much success as he has experienced In 
his first attempt. 
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TRAINING PROGRAMS FOR 
SYSTEMS ANALYSTS 



Harrison S» Carter 
Virginia Commonwealth University 



Introduction 

This paper describes the results of 
a project undertaken by the Division of 
Automated Data Processing (ADP) of the 
State of Virginia. The primary purpose 
of the project was to develop a training 
proqram for practicing systems analysts 
within the agency. Impetus for this 
project grew out of a recognition by the 
agency that incumbent systems analysts, 
although well schooled in the hardware 
and software technicalities, required 
additional skills if they were to success- 
fully perform the many interdisciplinary 
tasks required of the systems analyst. 

This need for education and training 
of systems analysts is certainly not 
peculiar to ADP. The Curriculum Commit- 
tee on Computer Education for Management 
(C^EM) of the Association for Computing 
Machinery (ACM) has conducted a study on 
curriculum development for MIS in higher 
education. The primary results of this 
study to date has been detailed recom- 
mendations for graduate and undergradu- 
ate programs in information systems. 
These recommendations are the single 
most definitive work to date regarding 
information systems curriculum in higher 
education. In one of the committee's 
reports, they cite several problems 
related to the use of computers in 
organizations today. One of the major 
problem areas they focus their attention 
on IS that of inadequate preparation. 
The committee states that: "personnel 
are occupying positions for which they 
are Inadequately qualified, through 
deficiencies in computer systems and 
management skills, training and experi- 
ence (2)." Unfortunately the prognosis 
for the immediate future is not good. 
The IBM Corporate Staff for Manpower 
Planning and Personnel forecasts a deficit 



^Members of the project were: Dr. 
Dave Thomas, Mr. Sam Vaeth and Mr. Tom 
Hallman of ADP; and Mr. George Kotlan and 
the writer of Virginia Commonwealth Uni- 
versity. 



ERIC 



of 62,000 systems analysts for 1975 (4)» 
Many other studies have focused on the 
shortage of trained personnel to man the 
increasing number of systems analysts 
positions. While the forecasts of short- 
ages vary, the studies do support the 
position that the shortage is acute (2)» 
An inevitable consequence of this shortage 
will be an increasing number of inade- 
quately prepared systems analysts. There- 
fore research and development in the area 
of training and education for systems 
analysts should be a high priority item 
for educators and practitioners in data 
processing. It is to this end that the 
research des<?ribed in this article is 
directed. 

Approach 

The process of curriculum development 
involved several major inputs. Since the 
training program was designed for the 
practicing analyst as opposed to the 
trainee, the varied backgrounds and 
experience levels among the incumbents 
complicated the curriculum selection. 
There were ten analysts selected to par- 
ticipate in the training program. The 
background and skills of these individuals 
were carefully examined and constituted a 
major input into the process of curriculum 
development. 

The results of this analysis indicated 
that the incumbents were well schooled in 
the hardware and software areas but were, 
to some extent, deficient in one or more 
of the following areas: 

1. Information Systems Theory; 

2. Management and Organization 
Theory; 

3. Operations Research; 

4. Systems Design Techniques. 

These four areas are identified by C'^EM of 
ACM as major topic areas in formal educa- 
tion programs designed to produce systems 
analysts (2) . 

The identification of these areas pro- 
vided a framework for the development of 
the curriculum. The next step in the 
process of developing the training program 
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was to further define the topics to be 
covered by the program and to specify the 
detail with which each topic would be 
covered. This step was accomplished by 
George Kotlan and the writer, faculty 
members at Virginia Commonwealth Univer- 
sity (VCU) . Our approach was to review 
a number of textbooks in systems analy- 
sis and esign and to study the curricu- 
lum recommendations of C^EM of ACM (1) . 
The actual contents of the training pro- 
gram will be covered in the next section. 
Following this further definition, the 
ADP project team investigated alternative 
systems analysis and design ^raining 
programs currently on the'market that 
treated those areas identified as neces- 
sary to a successful training program. 
This investigation resulted in the pur- 
chase of a video-assisted instruction 
course which became an integral part of 
the training program. 

After reviewing various textbooks 
and the ACM curriculum recommendations 
regarding systems analysis and design. 
It became apparent that there were many 
legitimate topics that should be included 
m the program. To cover each topic in 
depth would have required an inordinate 
amount of time, therefore, it was decided 
to treat a fairly wide range of topics 
but m less detail than was desired. 
This approach was taken in the hopes that 
the incumbents would see the value and 
applicability of the topics covered and 
investigate them further on an individual 
basis . 

vrnen conducting training programs 
such as this, there are a number of out- 
come objectives that are possible. Some 
of these are as followi>: 

1. to impart knowledge? 

2. to develop skills? 

3. to change attitudes? 

4. to change individual behavior? 

5. to change individual beb^^^-tcr 
within the organization. 

Given the number of topics that were 
deemed necessary and the time require- 
ments, the outcome objective of this 
training program was to impart knowledge. 

In summary, there were several major 
inputs into the process of curricul um 
development. These inputs included the 
following : 

1. knowledge and background of 
the 1 ncumbents ? 

2. subject areas recognized as 
integral to the knowledge base desired 
for systems analysts? 

3. available training packages? 

4. number of incumbents; 

5. time constraints. 

Training Program 

The training program consisted of a 
multi-media a;5proach. The video-assisted 
instruction course covered only a por'tion 
of the topics m the program and was aug- 
mented with seminars and individual 



readings. The seminars were given during 
the work day according to the course 
schedule. The video-assisted instruction 
and the readings were on an individual 
basis. Checkpoints were set up so that 
blocks of material would be completed by 
certain dates. The analysts v;ere given 
an adequate amount of time during the work 
day to complete these individual assigr-- 
ments. The topics, the amount of time 
devoted to e^ch, and the media are pre- 
sented in Table I. 
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lenith_of^ 






Subjxt 
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Instructor 


Introduction 


2 hours 
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Systffa Oevelopn^nt 






Process 
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User Relatiors 


3 ^.OUrS 


Sc*^i.'Mr 
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Problcn Definition 
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Charting 
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Techniques 
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Final Review 


2 Murs 
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"^rojcct St^ff 


Critique 


3 hours 
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Project Staff 


^VideJ.Assistcd Instruct'on 







Conclusions 

The conclusions drawn in this section 
are based upon inputs obtained from the 
analysts during the training program. 
There were three checkpoint reviews, a 
final review and a final critique session 
during which suggestions and criticisms 
were solicited. The project staff en- 
joyed a very open relationship with the 
analysts. Therefoie, in my opinionf we 
received quality, unbiased feedback from 
thp group. 

The majority of the group felt that 
the training program was too long and did 
not take into account the individual needs 
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exception of a few of the seminars, they 
felt that none of the topics were covered 
in enough detail. From the point of view 
of a training coordinator, the writer 
feels the program had two major short- 
comings. First, the program did not take 
into consideration the individual back- 
grounds and interests of the incumbents. 
Secondly, not enough time was devoted to 
any single topic so that a person de- 
ficient in that area could adequately 
correct that deficiency. 

Accepting the assertion that there 
are inadequately prepared individuals 
occupying systems analyst positions and 
keeping in mind the distinction between 
training a trainee for a systems analyst 
position and training a practicing 
systems analyst, the writer would offer 
the following approach. Select a well 
qualified senior analyst within your 
organization or contract with such an 
individual outside your organization. 
Have this person evaluate on an individual 
basis each one of your analysts. The 
results of this evaluation should be an 
identification of the strengths, weak- 
nesses, and current interests of each 
analyst. Using this analysis in con- 
junction with your training coordinator 
and the analyst, develop an individual 
training program that accomplishes the 
organization's training objectives as 
well as those of the analyst. The pro- 
gram could well make use of higher edu- 
cation courses, manufacturers* training 
courses, seminars, video-assisted instruc- 
tion, on-the-job training, etc. This 
type of "training by objectives" approach 
seems intuitively more acceptable by the 
analyst and could provide a luectns of cor- 
recting the problem of inadequately pre- 
pared individuals function as systems 
analysts . 
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and interests of each analyst. Some of 5. 
the analysts felt that they were not given 
sufficient time to complete the indi- 
vidual assignments. In general, the group 6. 
felt that the video-assisted instruction 
units were too elementary and with the 7. 
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EPIC USERS PANEL 
Panel ists t 

Mr. S. M. Raucher, Chairman, IBM 

Corporation 
Ms. J. E. Ellis - City of Virginia 

Beach 

Mr. D. L. McReynolds - Oklahoma 

Ci^y Public Schools 
Ms. A. Wood - Virginia Beach City 

Public Schools 



The i:pTC users panel is designed to 
promote an interchange of users 
experience with the four EPIC program 
products . 

EPIC: SOCRATES - Student Scheduling 
and Master Schedule 
Generation 

EPIC: FAST - Test Scoring and 

Analysis 

EPIC:Student - Mark Reporting and 
Attendance Ac- 
counting 

EPIC: Budget/ - Accounting and 
Finance Budget Control 

Panelists include users who have 
successfully installed and utilized 
these systems in thcii. schools. In 
addition, the most current maintenance 
relcuotrs will be discussed, including 
new options in these systems. 

Ample opportunity for q»»cctioiis and 
discussion will be provided. 
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